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Die Karpelle sind gewöhnlich sitzend 
ausgebildet, haben also keinen Stiel ent- 
wickelt. Da aber in Hinblick auf die 
Peltation der Karpelle gerade der Bau der 
Karpellstiele von grossem Interesse ist, 
kommt den wenigen Karpellen, die einen 
Stiel entwickelt haben, besondere Bedeu- 
tung zu. 

Das Karpell von Grevillea thelemanniana 
(vgl. Abb. 1 A und B) hat einen sehr 
langen und kräftigen Karpellstiel ent- 
wickelt!. Er ist dorsiventral abgeplattet 
und lässt auf seiner Vertralseite ( Abb. 
1 À ) eine deutliche Ventralnaht erkennen, 
die die geradlinige Fortsetzung der Ven- 
tralnaht der Karpellspreite bildet. 

Diese äusserlich durch eine schwache 
Einziehung markierte Ventralnaht ist im 
- Querschnitt als Epidermisnaht nachzu- 
weisen. — Im fertilen Karpellabschnitt, 
der im übrigen sehr kurz ist und nur 
zwei lateral-marginal stehende Samenan- 
lagen enthält (Abb. 1 C und D), durch- 
quert sie die ventrale Karpellwand und 
mündet somit in den Karpellhohlraum. 
Im Karpellstiel dagegen, in dem der 
Karpellhohlraum extrem reduziert ist 
(vgl. Abb. 1 E und F), läuft sie von der 
ventralen Einziehung gegen das Innere 
des Stiels und endigt dort blind. Je 
tiefer man im Stiel nach unten kommt 
(z.B. Abb. 1 G), desto kürzer wird die 
Epidermisnaht und desto seichter die 


1. Wenn man unter einem Gynophor — wie 
dies seit jeher üblich ist— eine stielartige 
Verlängerung der Blütenachse zwischen dem 
Andrözeum und dem Gynözeum versteht, ist 
diese Bezeichnung bei Grevillea fehl am Platz, 
trotzdem sie in der betreffenden systematischen 
Literatur häufig verwendet wird. 
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äussere Einziehung, ohne dass die Dicke 
des Stiels sich dabei wesentlich verändert. 
An der Basis des Stiels schliesslich ( Abb. 
1 H und I) ist keine Naht und keine 
Einziehung mehr vorhanden, der Stiel ist 
ohne jede äussere Differenzierung annä- 
hernd ellipsoidisch gestaltet (vgl. dazu 
auch die Abb. bei Brough, 1933). 

Da die Ventralnaht bekanntlich die 
Stelle ist, an der die Ränder des Ventral- 
spaltes postgenital miteinander verwach- 
sen sind, zeigt der Verlauf der Epidermis- 
naht, dass der Ventralspalt, der im 
Bereich der Karpellspreite den Karpell- 
hohlraum mit der Aussenwelt in Verbin- 
dung setzt, auch im Bereich des Karpell- 
stiels vorhanden ist, dort aber — als Folge 
der Verengung des Karpellhohlraumes und 
der damit verbundenen Reduktion der 
Karpelloberseite — nur als Furche in Er- 
scheinung tritt und nach unten zu allmäh- 
lich schräg nach aussen ausläuft. 

Verfolgt man den Gefässbündelverlauf 
im Karpellstiel, so zeigt sich, dass er mit 
dem geschilderten Verlauf der Ventralnaht 
und damit des Ventralspaltes überein- 
stimmt. Im fertilen Bereich sind nämlich 
ausser einem kräftigen Dorsalmedianus 
und einigen kleinen Zwischenbündeln 
zwei ansehnliche Lateralbündel vorhan- 
den, die ziemlich dicht zu beiden Seiten 
der Epidermisnaht verlaufen. Diese 
Laterales ziehen nun im Karpellstiel bis 
zum unteren Ende des Ventralspalts, 
nähern sich dann einander und vereinigen 
sich schliesslich zu einem Ventralmedia- 
nus, der sein Xylem nach innen gekehrt 
hat (vgl. Abb. 1 D-H). Dieser Ventral- 
medianus ist ausserordentlich kurz und 
spaltet sich — entweder unmittelbar über 
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ABB. 1 — Erwachsenes Karpell von Grevillea thelemanniana in Vorder-(A) und Seitenansicht 


(B). C, Langsschnitt durch seinen fertilen Abschnitt. 


D-L, Querschnittsfolge durch seinen Stiel. 


M-R, verschiedene ontogenetische Entwicklungsstadien in Vorder-(M, N, P) und Seitenansicht 
(O, R); in den Querschnitten ist das Xylem schwarz angelegt, das Phloem punktiert konturiert. 
A-C 2,5x, D-L10x,M 45x, N und O 35x, P und R 12x vergrössert. 


oder sogar schon im Blütenboden — 
wieder in zwei Biindel auf, die dann bald 
in die Biindel der Achse einmünden ( vgl. 
Abb. 1 H-L). Es kommt in einzelnen 
Karpellen auch vor, dass kein Ventral- 
medianus gebildet wird, sondern die beiden 
Laterales nur dicht aneinander zu liegen 
kommen. Da aber auch bei diesen Kar- 
pellen die Ventralnaht über dem Blüten- 
boden endet und zugleich die Stielbasis 
abgerundet ist, kann kein Zweifel dariiber 
bestehen, dass in beiden Fallen derselbe 
Bau vorliegt. Es hinkt eben hier wie 
auch in manchen anderen Blattstielen der 
Gefässbündelverlauf der äusseren Gestal- 
tung nach, 


Die geschilderten Tatsachen zeigen, 
dass der Karpellstiel von Grevillea thele- 
manniana wohl in einem sehr kurzen 
Basalstück unifazial gebaut ist, in seiner 
überwiegenden Länge jedoch deutliche 
Karpellränder besitzt, also bifaziale oder 
subunifaziale Beschaffenheit hat. 

Mit diesem auffälligen uneinheitlichen 
Bau steht der Karpellstiel von Grevillea 
thelemanniana im Gegensatz zu den — 
allerdings sehr wenigen — bisher unter- 
suchten Karpellstielen (vgl. dazu Troll, 
1932, 1934, 1935). Diese haben sich 
nämlich alle in ihrer ganzen Länge als 
unifazial gebaut erwiesen und fügen sich 
somit zwanglos in unsere Vorstellung von 
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der allgemeinen Verbreitung der Peltation 
im Karpellbereich ein.— Steht nun der 
Bau des Karpellstiels von Grevillea thele- 
manniana im Gegensatz zu dieser Vorstel- 
lung oder lässt er sich doch auch mit ihr 
in Einklang bringen ? 

Sehen wir uns zunächst das Schema der 
Abb. 2 an. Die Fig. A und A’ stellen ein 
gestieltes manifest peltates Karpell dar, 
dessen Querzone sich im Lauf der Onto- 
genese ansehnlich entwickelt hat. Sein 
Ventralspalt, dessen Länge ja vom Wachs- 
tum der Querzone und damit vom Pelta- 
tionsgrad der Karpelle abhängt, ist dem- 
nach sehr kurz ausgebildet und nimmt 
nur einen Bruchteil von der Länge der 
schlauchförmigen Karpellspreite ein. Die 
Karpellspreite besitzt daher einen basalen 
schlauchförmigen und einen apikalen ge- 
falteten Abschnitt. Der Karpellstiel 
sitzt hier deutlich der Unterseite der 
Karpellspreite an, ist weit vom Karpell- 
rand entfernt und demnach in seiner 
ganzen Länge unifazial gebaut. 

Die Fig. B und B’ stellen ein gestieltes 
latent peltates Karpell dar, dessen Quer- 
zone wohl ontogenetisch angelegt wird, 
sich aber nicht weiterentwickelt. _ Der 
Ventralspalt nimmt daher die gesamte 
Länge der Karpellspreite ein, ist also viel 
länger wie bei dem manifest peltaten 
Karpell. Die Karpellspreite besitzt daher 
nur einen stark reduzierten basalen 
schlauchförmigen Abschnitt, und ist fast 
in seiner ganzen Länge gefaltet. Der 
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Karpellstiel sitzt auch hier deutlich der 
Unterseite der Karpellspreite an und ist 
demnach auch hier in seiner ganzen Lange 
unifazial gebaut, ist aber dem Karpell- 
rand so sehr genähert, dass die Karpell- 
querzone die Grenze von Karpellstiel und 
-spreite bildet. 

Die Fig. C und C’ nun stellen ein Karpell 
dar, das in der Art des Karpells von 
Grevillea thelemanniana gebaut ist. Die 
Querzone dieses Karpells liegt nicht wie 
bei den beiden anderen Karpellen im 
Spreitenbereich, sondern ist auf den Stiel 
verschoben. Der Karpellstiel sitzt dem- 
nach nicht der Unterseite der Karpell- 
spreite an, sondern ist vielmehr wie bei 
einem bifazialen Laubblatt dem Rand 
der Spreite eingefügt. Die Ränder der 
Karpellspreite sind also nicht wie bei den 
anderen Karpellen in sich geschlossen, 
sondern gehen vielmehr in die Ränder des 
Karpellstiels über, sodass der oberhalb 
der Querzone gelegene Stielabschnitt wie 
die Spreite bifazial gebaut ist. Unifazial 
gebaut ist nur der kurze Basalabschnitt 
des Karpellstiels, der unterhalb der Quer- 
zone gelegen ist. Mit der Lage der Quer- 
zone auf dem Karpellstiel steht in Zusam- 
menhang, dass der Ventralspalt über den 
Spreitenbereich hinaus auf den Karpell- 
stiel übergreift, wodurch nicht nur die 
gesamte Karpellspreite, sondern auch der 
obere Stielabschnitt gefaltet in Erschei- 
nung tritt. Dieser oberhalb der Querzone 
gelegene Stielabschnitt stimmt also in 


Q 
N B’ ee 


ABB. 2—Schema zur Ableitung des Karpells von Grevillea thelemanniana 4 C, C’) vom 
manifest peltaten Karpell (A, A’); in A-C sind die Karpelle in Vorderansicht, in A’-C’ im medianen 


Längsschnitt dargestellt. Q=Querzone, 
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seinem Bau im wesentlichen mit dem der 
Spreite überein. Die Grenze zwischen 
Stiel und Spreite wird daher nicht wie bei 
den manifest und latent peltaten Kar- 
pellen durch den verschiedenen Bau, 
sondern nur durch die Einziehung des 
Stiels angezeigt und ist demgemäss natür- 
lich nicht scharf; die Spreite zieht sich 
sozusagen auf der Oberseite des Stiels 
noch etwas nach unten. 

““ Schildförmig oder peltat ’’ nennt man 
gewöhnlich “ ein Blattorgan, dessen Stiel 
nicht am Rande, sondern auf der Unter- 
seite der Lamina eingefügt ist ” (Troll, 
1932). Sobald demnach der Stiel dem 
Rand der Spreite ansitzt, wird das Blatt 
nicht mehr peltat, sondern epeltat ge- 
nannt. Nach dieser Definition würde das 
dritte Karpell unseres Schemas ( Abb. 
2 C und €’ ) nicht peltat, sondern epeltat 
gebaut sein. 

Überlegen wir nun aber Folgendes. 
Die Ausbildung der Peltation ist unmittel- 
bar abhängig von der Entwicklung einer 
Querzone, die an der Grenze von uni- 


fazialem und bifazialem Blattabschnitt 
entsteht. In der Regel ist nun der 
unifaziale Blattabschnitt zugleich der 


Blattstiel, der bifaziale Abschnitt die Blatt- 
spreite, wodurch die Querzone an die 
Grenze von Stiel und Spreite zu liegen 
kommt.— Ist aber damit gesagt, dass 
dieses Zusammentreffen in allen Fällen 
eintreten muss? Es ist doch durchaus 
vorstellbar, dass die Querzone, also die 
Grenze zwischen dem unifazialen und 
dem bifazialen Blattabschnitt, sich etwas 
nach unten verschiebt, also etwas tiefer 
zu liegen kommt wie die Grenze zwischen 
Stiel und Spreite, ohne dass deshalb das 
Blatt seinen Bauplan prinzipiell verän- 
dert hat und epeltat geworden ist, auch 
wenn der Stielnun dem Rand und nicht 
der Spreitenunterseite eingefügt ist. 

Selbstverständlich kann man in einem 
solchen Fall auch rein beschreibend sagen: 
das Karpell ist wohl epeltat gebaut, hat 
aber einen Stiel, der zum Teil unifazial 
gebaut ist und demnach eine Querzone 
entwickelt. Tatsächlich liegt jedenfalls 
nur ein kleiner quantitativer Schritt 
zwischen einem solchen unifazial gestiel- 
ten epeltaten Karpell und einem latent 
peltaten Karpell und eine scharfe Grenze 
ist zwischen ihnen nicht entwickelt, 
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In diesem — etwas weiteren — Sinn 
fügt sich auch unser drittes schematisches 
Karpell und damit das Karpell von Gre- 
villea thelemanniana in den Kreis der 
peltaten Blätter ein und unterscheidet 
sich nur graduell von den manifest und 
latent peltaten Karpellen. Die Reduk- 
tion seines Peltationsgrades macht sich 
eben nicht nur wie bei dem latent peltaten 


Karpell in der Hemmung der Querzone, | 


sondern zusätzlich auch in der Hemmung 
des an die Querzone angrenzenden uni- 
fazialen Stielabschnittes bemerkbar?. 

Das Schema lässt also deutlich erken- 
nen, dass die dritte Ausbildungsweise, die 
im Karpell von Grevillea thelemanniana — 
verwirklicht ist, nicht prinzipiell von den — 
beiden übrigen verschieden ist, sondern 
nur eine — allerdings extreme — Reduk- — 
tionsform des manifest peltaten Karpells 
auf dem Weg über das latent peltate — 
Karpell darstellt und somit ohne Schwie- 
rigkeit mit unserer Vorstellung von der 
allgemeinen Verbreitung der Peltation im 
Karpellbereich in Einklang zu bringen 
ist. — Dass die Ableitungsrichtung dieser 
morphologischen Reihe? nicht umgekehrt 
ist, also von dem Karpell mit ganz gerin- : 
gem Peltationsgrad zu dem manifest 
peltaten Karpell führt, wird aus dem 
Vergleich der Häufigkeit des Auftretens 
der beiden Karpelltypen ersichtlich. Wäh- 
rend nämlich manifest und latent peltate 
Karpelle sehr häufig zu finden sind, ist 
Grevillea thelemanniana der einzige bisher 
bekannt gewordene Fall mit dem charak- 
teristischen Karpellbauf. 

Nach den Erfahrungen an dem Karpell 
von Grevillea thelemanniana erscheint es 
nun durchaus nicht unwahrscheinlich, 
dass die Reduktion des unifazialen Kar- 
pellabschnittes und damit des Peltations- 
grades in einzelnen Fällen noch weiter 
wie hier gehen und schliesslich zu einem 
dem Anschein nach völlig bifazialen 


2. Ahnliche Verhältnisse sind im Laubblatt- 
bereich nicht selten anzutreffen. Vgl. Troll 
(1939 ), besonders die Abb. des Laubblattes von 
Bergenia crassifolia auf S. 1203. 

3. Ich betone ausdrücklich, dass hier die 
morphologische, also typologische, Ableitung 
innerhalb der rezenten Karpelle gemeint ist. 
Die phylogenetische Karpellentwicklung kann 
wohl, muss aber nicht mit ihr übereinstimmen. 
4. Vgl. dazu den letzten Absatz dieser Mittei- 
ung. 
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Karpell führen kann, das aber dessen 
ungeachtet seinem Typus nach peltat — 
allerdings ganz extrem reduziert — gebaut 
ist. 

Eine solche völlige Reduktion des uni- 
fazialen basalen Stielabschnittes ist vor 
allem dann zu erwarten, wenn der gesamte 
Stiel reduziert, das Karpell also sitzend 
ausgebildet wird.— In unserem Schema 
(Abb. 2) ist durch eine Querlinie ange- 
deutet, wie sich die Reduktion des Stiels 
auf das Aussehen der einzelnen Karpell- 
typen auswirkt. Betont muss dabei 
werden, dass unter der “ Reduktion ” 
nicht etwa ein schematisches Abschneiden, 
sondern vielmehr eine vertikale Stau- 
chung und damit Verkürzung des Stiels 
zu verstehen ist, die ihn nicht zum 
prinzipiellen, sondern nur zum ontogene- 
tischen Verschwinden bringt. Der typi- 
sche Bauplan des Karpells wird dadurch 
natürlich in keiner Weise verändert. 

Das manifest peltate Karpell ( Abb. 
2 A und A’) erscheint auch ohne seinen 
unifazialen Stiel deutlich manifest peltat, 
da die gut entwickelte Querzone ohne 
Zweifel nur auf Grund einer unifazialen 
Basis entstehen kann. Die Karpellbasis 
bleibt nach wie vor ringförmig geschlossen, 
der Karpellhohlraum durch den Karpell- 
boden gegen die Blütenachse abgegrenzt, 
der Ventralspalt behält seine Länge; mit 
einem Wort: der Peltationsgrad des mani- 
fest peltaten Karpells ist unabhängig 
vom Stiel und bleibt auch nach der 
Reduktion des Stiels unverändert. 

Ebenso erscheint das latent peltate 
Karpell (Abb. 2 B und B’) auch ohne 
seinen unifazialen Stiel deutlich latent 
peltat. Seine Querzone ist auch ohne 
Stiel deutlich sichtbar und setzt die uni- 
faziale Basis voraus. Die Karpellbasis 
bleibt auch hier nach wie vor ringförmig 
geschlossen, der Karpellhohlraum durch 
den Karpellboden gegen die Blütenachse 
abgegrenzt, der Ventralspalt behält auch 
hier seine Länge; mit einem Wort also, 
der Peltationsgrad bleibt auch bei dem 
latent peltaten Karpell nach der Reduk- 
tion des Stiels unverändert. 

Das dritte Karpell dagegen (Abb. 2 C 
und C’ ) verliert mit der Reduktion seines 
Stiels alle ontogenetisch sichtbaren Anzei- 
chen seines peltaten Baues, vor allem seine 
Querzone und tritt ontogenetisch als 


völlig bifaziales Organ in Erscheinung. 
Das Karpell sitzt dem Blütenboden huf- 
eisenförmig auf, der Karpellhohlraum 
schliesst unmittelbar an den Blütenboden 
an und der Ventralspalt ist basal nicht 
geschlossen, sondern geht offen in den 
Blütenboden über. 

Stellen wir uns nun an Stelle des sche- 
matischen Karpells das gestielte Karpell 
von Grevillea thelemanniana sitzend, den 
langen Stiel mit seinem ansehnlichen 
bifazialen und seinem verschwindend kur- 
zen, innerlich oft gar nicht festgelegten 
unifazialen Abschnitt also extrem ver- 
kürzt vor, so wird praktisch ein sitzendes 
Karpell resultieren, das, obwohl es onto- 
genetisch nichts mehr von seiner poten- 
tiellen Peltation erkennen lässt, dennoch 
in typologischem Zusammenhang mit den 
peltaten Karpellen steht. 

Solche in ihrer Ontogenese gänzlich 
bifaziale sitzende Karpelle wurden nun 
tatsächlich schon vereinzelt beobachtet 
WEEZE FEber, IS Heyne 
von Troll (1932) als epeltat bezeichnet‘. 
Ihr Auffinden hat die Frage aufgeworfen, 
ob die sehr seltenen epeltaten Karpelle 
wirklich typisch bifazial, also prinzipiell 
verschieden von der grossen Zahl der in 
irgend einem Grad peltaten Karpelle 
gebaut sind, oder ob sie trotz des gegen- 
teiligen Anscheins nicht prinzipiell, son- 
dern nur quantitativ von ihnen verschie- 
den, also ebenfalls typisch peltat gebaut 
sind (vgl. dazu Troll, 1935; Baum, 1949, 
1950 und Leinfellner, 1950 ). 

Obwohl das wenige, das über die epel- 
taten Karpelle bisher bekannt geworden 
ist, aus vergleichenden Gründen für die 
letztere Auffassung, also für die typische 


Peltation der epeltaten Karpelle und 
damit für den einheitlichen peltaten 
Grundbauplan aller Karpelle spricht, 


konnte bisher kein handgreiflicher Beweis 
für diesen engen Zusammenhang erbracht 
werden. Die Bedeutung des Karpells 
von Grevillea thelemanmana liegt nun 
darin, dass es in gewisser Hinsicht eine 
reale Zwischenform zwischen den beiden 
Karpelltypen bildet und damit einen 
solchen Beweis darstellt. 


5. Nach Troll (1935) ‘‘entbehren die epel- 
taten Karpelle jeder auch noch so unscheinbaren 
Andeutung einer Stielzone ”. 
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Auch die Ontogenese des Karpells von 
Grevillea thelemanniana lässt seine Zwi- 
schenstellung zwischen den peltaten und 
epeltaten Karpellen erkennen. Die jungen 
Stadien zeigen nämlich insgesamt noch 
keine Querzone: sowohl bei dem völlig 
ungegliederten Primordium (Abb. 1 M) 
als auch bei dem etwas älteren Primor- 
dium, das schon den Narbenkopf und 
einen ganz niedrigen Stielansatz erkennen 
lässt (Abb. 1 N, O), als auch bei dem 
Karpell einer mittleren Knospe reicht der 
Ventralspalt bis zum Blütenboden. Erst 
dann, wenn sich der Stiel zu strecken 
anfängt, also verhältnismässig spät im 
Lauf der Ontogenese, tritt allmählich 
seine unifaziale Basis und damit auch die 
unscheinbare und wenig ausgeprägte Quer- 
zone in Erscheinung. 

Bliebe nun — ontogenetisch und nicht 
typologisch gesehen — der Stiel unent- 
wickelt, so würde die unifaziale Karpell- 
basis und damit die Querzone ontogene- 
tisch überhaupt nicht mehr in Erschei- 
nung treten, obwohl sie natürlich von 
Anfang an potentiell vorhanden sein 
muss und es würde praktisch ein onto- 
genetisch bifaziales, also epeltates Karpell 
zustande kommen, das natürlich trotz 
seiner bifazialen ontogenetischen Ent- 
wicklung typologisch gesehen nur eine 
Hemmungsform des manifest peltaten 
Karpells ist und sich somit in die Peltation 
im Gynözeumbereich einfügt. 

Es ist im übrigen zu vermuten, dass 
sich bei zukünftigen Untersuchungen wei- 
tere solche Zwischenglieder auffinden las- 
sen werden. Schon die Beobachtung 
einiger anderer Proteaceen — z.B. Gre- 
villea sulphurea, G. rosmarinifolia, G. al- 
pina, Hakea acisularis — zeigt, dass der 
charakteristische intermediäre Karpellbau 
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keineswegs auf Grevillea thelemanniana 
beschränkt ist. Auch das Aussehen der 
Früchte von Cimicifuga-Arten deutet 
auf eine ähnliche Karpellbauart hin. 
Ob sie auch im coenokarpen Gynözeum 
auftritt, bleibt zu untersuchen. 


Zusammenfassung 


Das Karpell von Grevillea thelemanniana 
nimmt insofern eine Mittelstellung zwi- 
schen den peltaten und den epeltaten 
Karpellen ein, als seine Querzone nicht 
wie bei den peltaten Karpellen im Sprei- 
tenbereich liegt und nicht wie bei den 
epeltaten Karpellen gänzlich unterdrückt 
ist, sondern vielmehr auf den Karpellstiel 
verschoben ist. Diese Tatsache stellt 
zugleich eine Bestätigung der Meinung 
dar, dass die epeltaten Karpelle nicht 
prinzipiell, sondern nur quantitativ von 
den peltaten verschieden sind und somit 
allen Karpellen ein einheitlicher peltater 
Bauplan zu Grunde liegt. 


Summary 


Till now there had not been found any 
intermediate stages between peltate and 
epeltate carpels. The carpel of Grevillea 
thelemanniana is interesting in this con- 
nection. Here the cross-zone is not 
found in the lamina as in the case of 
peltate carpels nor is it completely sup- 
pressed as in epeltate carpels, but is dis- 
placed in the petiole. 

This confirms the opinion that the 
peltate and the epeltate carpels do not 
differ in essentials but only in minor 
details, and that all carpels have the same 
basic ground-plan. 
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MORPHOLOGICAL STUDIES IN THE EUPHORBIACEAE: 
I— ACALYPHA LANCEOLATA WILLD. 


T. THATHACHAR 
Department of Botany, Central College, Bangalore, India 


Several forms of tetrasporic sixteen- 
nucleate embryo sacs have been observed 
in the Euphorbiaceae. The genus Acaly- 
pha has attracted the attention of many 
workers. Arnoldi (1912) recorded a 
Penaea type of embryo sac in some 
species of Acalypha, and a similar con- 
dition has been described by Tateishi 
(1927) in A. australis, by Swamy and 
Balakrishna ( 1946) in A. tricolor and by 
Landes (1946) in A. rhombotdea. Mahesh- 
wari and Johri (1940, 1941) find that in 
the mature embryo sac of A. indica, the 
four peripheral groups consist of two cells 
each and eight free nuclei meet at the 
centre to form the secondary nucleus. 
Banerji (1949) finds a similar condition 
in A. fallax. The present work deals with 
the embryology of Acalypha lanceolata. 


Observations 


INFLORESCENCE — A. lanceolata is 
monoecious and the spikes have the 
staminate flowers towards the top and 
the pistillate flowers towards the base 
(Fig. 1). In the male flower there are 
six to eight stamens and these are sur- 
rounded by a perianth of five lobes. The 
female flower is similarly invested by a 
perianth of four to five lobes. 

MICROSPOROGENESIS AND MALE GAME- 
TOPHYTE — The wall of the mature anther 
is four-layered inclusive of the epidermis, 


and the innermost functions as the tape- 
tum. The tapetal cells are bi- or tri- 
nucleate in later stages and are of the 
glandular type. Quadripartition in the 
microspore mother cell takes place by 
peripheral furrows and the microspores 
are arranged tetrahedrally. 

The young microspore is uninucleate. 
A vacuole appears within it and the 
nucleus is pushed towards the wall where 
it divides ( Fig. 2) to form a lenticular 
generative cell and a large tube cell 
( Fig. 3). The mature pollen grain is two- 
celled at the time of shedding and has a 
smooth exine ( Fig. 3 ). 

THE OvuLE — The ovary is superior 
and trilocular. The young ovule is 
attached to the axile placenta at the base 
but is carried up by the upward growth 
of the placental region (Fig. 4). The 
nucellar primordium arises as an out- 
growth of the placenta. It is massive 
with a slightly tapering apex. The outer 
integument develops first and completely 
envelops the inner integument. The for- 
mer consists of three layers of cells except 
at the tip which is more massive and 
finally gives rise to the caruncle, while 
the inner consists of four layers. Being 
slower in development, it covers only 
the lower half of the nucellus at the mature 
embryo sac stage (Fig. 4), but later it 
grows up and envelops it completely. 
As in A. rhomboidea ( Landes, 1946) the 
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inner and outer epidermal layers of the 
inner integument are the most conspi- 
cuous. The cells of the inner epidermis 
become stored with granular yellowish 
substance. 

The vascular strand terminates at the 
base of the nucellus at the level of the 
origin of the integuments. Around the 
base of the embryo sac are found elon- 
gated, compactly arranged, densely proto- 
plasmic cells which, however, extend only 
a short distance to about a fifth of the 


height of the entire ovule. They pro- 
bably have a conducting rôle. No nucellar 
tracheids have been observed in my 


material as reported by Landes (1946) 
for A. rhomboidea. In older ovules a few 
thick-walled cells, filled with granular 
material, are found in the chalazal region 
and these are comparable to the hypo- 
stase as suggested by Landes ( 1946). 

THE OBTURATOR — The obturator arises 
as an outgrowth on the placenta just 
above the funicle. Its cells are paren- 
chymatous in the earlier stages. The 
distal cells of this outgrowth become 
much elongated, diffuse, and bend down 
over the nucellar beak covering it com- 
pletely. However, in Acalypha the obtu- 
rator is not as prominently developed as 
in Euphorbia and Croton (author’s un- 
published observation ). 

DEVELOPMENT OF EMBRYO SAC — The 
primary archesporium is normally repre- 
sented by a single enlarged hypodermal 
cell ( Fig. 5), but the presence of two or 
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three cells is not uncommon (Fig. 6). 
The primary parietal cell, cut off by the 
first division of the archesporial cell, 
divides to form two or three layers of 
cells above the megaspore mother cell 
( Figs. 7, 8). 

The megaspore mother cell increases 
in size and its nucleus divides twice to 
form four nuclei ( Figs. 9, 10). No wall 
is laid down after either of these divisions 
and the four megaspore nuclei arrange 
themselves crosswise (Fig. 10) as in 
other species of Acalypha and in Mallotus 
philippinensis ( Thathachar ). A vacuole 
appears in the middle of the embryo sac 
at this stage. By two more divisions in 
their respective positions each of the four 
nuclei of the coenomegaspore gives rise 
to a group of four nuclei ( Figs. 11, 13). 
Up to this stage the development closely 
corresponds to that ‘in Acalypha spp. 
( Arnoldi, 1912), A. australis ( Tateishi, 
1927), A. tricolor (Swamy & Balakrishna, 
1946), A. rhomboidea (Landes, 1946) and 
A. fallax ( Banerji, 1949). 

At the sixteen-nucleate stage, two 
nuclei at the micropylar end become 
marked out from the rest by the forma- 
tion of peripheral furrows (Fig. 12) 
and these are finally separated as two 
cells ( Fig. 13). They organize as syner- 
gid and egg while the remaining fourteen 
nuclei aggregate in the middle of the 
embryo sac (Fig. 14). Subsequent fu- 
sions occur among the fourteen nuclei 
in twos and threes finally resulting in a 


Fics. 1-27 — Fig. 1, ls. of inflorescence. x 56. 
spore. x 1350. Fig. 3, two-celled pollen grain. x 1350. 
integuments, the obturator and mature sixteen-nucleate embryo sac. x 40. 
the primary archesporial cell. x 450. Fig. 6, multiple megaspore mother cells. x 450. 
megaspore mother cell and parietal cell. x 900. 


parietal tissue above. x 450. 
embryo sac. x 680. 


Fig. 9, two-nucleate embryo sac. x 450. 
Fig. 11, eight-nucleate embryo sac. x 970. Fig. 12, sixteen-nucleate 
embryo sac with furrows appearing at the micropylar end. x 970. Fig. 


— 


Fig. 2, first division on the young micro- 
Fig. 4, ls. of ovule showing the 
Fig. 5, nucellus with 
Fig. 7, 
Fig. 8, megaspore mother cell enlarging with 
Fig. 10, four-nucleate 


13, same showing the 


formation of two cells at the micropylar end. x 970. Fig. 14, embryo sac showing single synergid, 


egg and fourteen free nuclei meeting at the centre. x 900. 


Fig. 15, mature embryo sac with 


egg apparatus and large secondary nucleus. x 900. Fig. 16, egg and synergid enlarged. x 900. 


Fig. 17, first division of the primary endosperm nucleus. 


of the endosperm. x 6.0. 
division of the zygote. x 900. Fig. 21, 
cell still undivided. x 900. 
also divided vertically. x 900. 
x 900. 


the conical suspensor. x 450. 


Fig. 19, free nuclear division in endosperm. x 280. 


x 900. Fig. 18, two-nucleate stage 


Fig. 20, first 


oblique division of primary suspensor cell, embryonal 
Fig. 22, vertical division of suspensor cell; primary embryonal cell 
nga 0. Fig. 23, octant stage with irregular suspensor cells above. 
Fig. 24, periclinal divisions in the embryonal mass. x 900. 
stage; note lobed suspensor cells with nuclei at their tips. 
Fig. 27, late sta 
the embryo with its suspensor fitting into the mic 


Fig. 25, slightly later 
x 630. Fig. 26, spherical embryo with 


ge showing the cellular endosperm surrounding 
ropyle. x 200. 
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large secondary nucleus which is 14- 
ploid (Fig. 15). The single synergid at 
the micropylar end is beaked and in the 
later stages develops a basal vacuole, 
while the pear-shaped egg develops a 
vacuole at its upper end (Fig. 16). The 
mature embryo sac contains, at the time 
of fertilization, a single synergid, an egg 
and a large secondary nucleus with three 
to eight large nucleoli representing the 
products of fusion of the fourteen consti- 
tuent nuclei (Fig. 15). There is no 
trace of antipodal cells. The mode of 
development thus conforms to the Pepero- 
mia hispidula type ( Johnson, 1914), and 
has not so far been observed either in any 
species of Acalypha or in any other genus 
of the Euphorbiaceae. 

The entry of the pollen tube into the 
embryo sac has been observed, but actual 
stages in fertilization could not be ob- 
served. 

ENDOSPERM — The development of the 
endosperm is of the free nuclear type. 
The primary endosperm nucleus, which 
is 15-ploid, divides earlier than the zygote, 
and the mitotic spindle during the first 
division is remarkably large with a large 
number of chromosomes at the equatorial 
plate (Fig. 17). The daughter nuclei 
become parietally placed by the forma- 
tion of a large central vacuole ( Fig. 18) 
and continue to divide almost simul- 
taneously ( Fig. 19) till their number has 
increased to about thirty-two, when wall 
formation begins from the periphery. The 
endosperm eventually becomes cellular 
throughout ( Fig. 27). 

EMBRYO — Acalypha lanceolata exhi- 
bits a notable variation from the other 
members of the family in regard to the 
development of the embryo. The first 
division of the zygote, which is trans- 
verse, separates the primary suspensor 
cells from the primary embryonal cell 
(Fig. 20). The primary suspensor cell 
is larger than the primary embryonal 
cell and is slightly irregular in outline 
(Fig. 20). The next division in the 
former is vertical or oblique ( Figs. 21, 
22). The primary suspensor cell may 
divide earlier or later than the primary 
embryonal cell ( Figs. 21, 22). Further 
divisions in the suspensor are irregular 
and only a few such divisions take place 


PHYTOMORPHOLOGY 


{ December 


giving rise to a loose conical mass of cells 
(Figs. 25, 26). The outer margins of 
these cells are prolonged into lobed out- 
growths with the nuclei located at their 
tips (Fig. 26). These probably serve a 
nutritional rôle absorbing food from the 
surrounding tissue at the micropyle into 
which the suspensor fits A massive 
suspensor of this type is common in the 
Leguminosae (Maheshwari, 1950), but 
does not appear to have been noticed 
previously in Euphorbiaceae. 

The history of the primary embryonal 
cell is equally interesting and unusual. 
Its first division is vertical (Fig. 22) 
and is soon followed by another division 
at right angles to the first. A transverse 
division now results in the octant stage 
(Fig. 23). Periclinal divisions begin at 
this stage and occur first in the lower tier. 
By a similar division in the upper tier 
the embryonal mass becomes two-layered 
and then three-layered ( Figs. 24-26). It 
is found that the three primordial regions 
are derived solely from the divisions of 
the primary embryonal cell, the suspensor 
making no contribution to the periblem 
and the dermatogen of the root tip as is 
usual in the dicotyledons. The endo- 
sperm cells surround the embryo except 
in the region of the micropyle ( Fig. 27). 


Summary and Conclusion 


The anther tapetum is of the glandular 
type and the pollen grains are two-celled 
at the time of shedding. 

The bitegmic anatropous ovule has a 
massive nucellus with a beak. An obtu- 
rator is present. 

A multiple archesporium is frequently 
noticed. The tetrasporic embryo sac 
corresponds to Peperomia hispidula form, 
not reported hitherto in other species of 
Acalypha or in any plant of Euphorbia- 
ceae. Most species of Acalypha are known 
to have the Penaea type of embryo sac 
while that of A. indica has the peripheral 
groups consisting of only two cells each 
with eight free nuclei fusing in the middle. 
The Penaea type is also one of the varia- 
tions seen occasionally in A. indica. 

The endosperm is free nuclear in the 
initial stages but later becomes cellular 
throughout. 
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The embryo has a massive suspensor 
of large cells like those of Leguminosae. 
Previous accounts do not give details of 
the development of embryo but Landes 
(1946) mentions that there are four 
conspicuous suspensor cells in A. rhom- 
boidea. In A. lanceolata all the regions 
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of the embryo are derived from the 
primary embryonal cell. 

I am grateful to Prof. P. Maheshwari 
for valuable suggestions, Dr. B. G. L. 
Swamy for literature, and Prof. L. N. Rao 
and Dr. S. B. Kausik for guidance and 
encouragement. 
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SLUDIES (ON THE STRUCTURE AND DEVELOPMENT OF 
SERD- OR THE CUCURBITACEAP: [SEEDS OF 
ECHINOCYSTIS WRIGHTII COGN. 


BAHADUR SINGH 
B. R. College, Agra, India 


Introduction 


The structure of the seeds of the Cucur- 
bitaceae has been investigated by a 
number of botanists!, all of whom con- 
sider that the seed coat develops from 
both integuments of the bitegmic ovule. 

While studying embryological slides of 
a number of Cucurbitaceae the writer 
noticed that the inner integument in- 
variably showed signs of degeneration at 


© 4. von Höhnel ( 1876 ), Fickel ( 1876 ), Barber 
(1909), Kratzer (1918). 


the mature embryo sac stage. This 
observation and also the fact that, as a 
general rule, the testa develops from the 
outer integument only prompted me to 
take up the study of seed structure in the 
family, especially as Mr. E. J. H. Corner, 
Botany School, Cambridge, had indepen- 
dently suggested the same topic. 

This paper forms the first of the series. 
After several other genera have been 
investigated the discussions on the phylo- 
genetic relations of the family will be 
taken up. 
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Abbreviations 


aer. aerenchyma; ce. carpel endothelium ; 
chl. chlorenchyma; cot. cotyledon; cu. 
cuticle; e, e!, el layers of cells formed by 
tangential divisions of ep.o. ( for further 
elucidation, see text); em. embryo; eu. 
endosperm; ep.i. inner epidermis ( of 2.e.); 
ep.l. large-celled outer epidermis of seed 
coat; ep.o. outer epidermis (of t.e.); 
ep.s. small-celled outer epidermis of seed 
coat; e.s. embryo sac; h.o. ovular hypo- 
dermis (which forms aer. in seed); h.s. 
seed hypodermis; 7.e. outer integument; 
ia, inner integument; 4.2. inner zone of 
i.e. which becomes chl. on ripening; m. 
micropyle; #. nucellus; n.b. nucellar beak; 
pt. pollen tube; t.w. pollen tube wall; 
scl. sclerenchyma layer; v.b. vascular 
bundle. 


Material and Methods 


The material was collected from the 
Botanic Garden, Cambridge University, 
with the kind permission of Mr. J. 
Gilmour, Director, to whom the writer 
expresses his thanks. 

Open female flowers, ovules and young 
seeds were passed through the Tertiary- 
butyl alcohol series, and serial sections were 
stained with the safranin fast green com- 
bination. Mature seeds, which could not 
be cut with the microtome, were cut free- 
hand and stained as above. Macerations 
of testa were made in order to have an 
accurate conception of the real nature of 
the cells which composed it. 


Review of Previous Work 


Netolitzky ( 1926 ) has already reviewed 
the existing literature in his book. It is, 
therefore, proposed here to give only the 
more important facts about these works. 

von Höhnel (1876), who studied the 
seeds of Cucurbita pepo L., Lagenaria 
vulgaris and Cucumis sativus L. in detail, 
has classified the Cucurbitaceous seeds 
into two categories. In the first are 
placed Cucurbita pepo and Lagenaria 
vulgaris as showing the carpel endothelium 
firmly attached to the seed coat, while 
Cucumis sativus comes under the second 
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category where the carpel endothelium 
does not form a coating of the seed. Out 
of ten zones into which the seed coat has 
been divided by von Höhnel (1876), 
No. VI (according to him ) always arises 
from the inner layers of the outer integu- 
ments and two or three layers of the inner 
integument. 

Fickel (1876) describes seed coats of 
Benincasa cerifera Sair., Bryonia alba L., 
Bryonopsis erythrocarpa L., Cucumis du- 
daim L., C. melanosperma A. Br., C. myro- 
carpus Nand., C. sativus L., Citrullus 
vulgaris Schard., Cucurbita pepo L., Cyclan- 
thera pedata Schard., C. explodens L., 
Ecballium agresti Rehb., Lagenaria vulgaris 
Ser. and Sicyos angulatus L. He con- 
cluded that the five zones, of which the 
seed coat is formed, are (a) the epidermis 
with various types of thickenings in 
the radial walls, (b) the second of one 
or more layers of thickened cells, (c) a 
radially or tangentially elongated third 
layer followed by the remaining two 
zones of more or less compressed cells 
with no definite structure. 

Godfrin (1880) gives only a brief 
account of seed coats of Cucumis sativus 
L., Cucurbita maxima Duch, Cyclanthera 
pedata Schard., Lagenaria vulgaris Ser. 
and Sicyos angulatus L. 

Barber (1909) has made a detailed 
study of Abobra viridiflora Cogn., Citrullus 
vulgaris Schard., Cucumis melo, C. sativus 
L., Cucurbita pepo L. (several varieties ), 
Echinocystis lobata, Luffa cylindrica, Melo- 
thria scabra Cogn. and Sicyos angulatus L. 
His findings show that the outer three 
layers and part of the fourth layer of 
the spermoderm of the Cucurbitaceae 
develop from the outer integument, while 
the remainder of the seed coat is formed 
from the inner integument. The raphal 
bundles are found about the edge only 
embedded in the fourth parenchymatous 
layer. 

Echinocystis lobata has epidermal cells 
whose radial walls are thick and some of 
these epidermal cells elongate to form 
palisade cells while others remain short. 
The sub-epidermal tissue which varies in 
depth consists of sclerenchymatized cells 
with large circular intercellular spaces. 
The seed owes its dark colour to the 
contents of outer cells. 
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The sclerenchyma zone (according to 
Barber, 1909) is formed of palisade cells 
whose walls are extremely thickened and 
the cavities narrow, each sending out 
branches to the layers above and below. 
The folds of sinuous outer and inner walls 
are also conspicuous in cross-section. 
The parenchyma region is divisible into 
the outer, consisting of thin-walled but 
sclerenchymatized cells without pits, 
followed by spongy parenchyma with 
large cells, and finally a tissue of cells 
which decrease in size inward for about 
fifteen layers. 

The branching and anastomosing raphal 
bundle ramifies through inner parenchyma. 
Kratzer (1918), who has investigated the 
seeds of Benincasa, Bryonia, Citrullus, 
Cucumis, Cucurbita, Cyclanthera, Ecballium, 
Echinocystis, Lagenaria, Luffa, Momordica, 
Sechium, Sicyos, Thladiantha and Tri- 
chosanthes, states that the inner integu- 
ment is usually composed of 2-3 layers of 
cells ( Bryonia and Sechiwm with 4-5 and 
even 8-10 at base) and shows a tendency 
to degenerate in the basal and middle 
part. In doing so the middle and one 
more of its layers take part, while the 
third layer ultimately coalesces with the 
outer integument. The vascular bundles 
become crushed so that the inner layer is 
reduced to a thin skin. 

In Echinocystis lobata he finds an epi- 
dermis of two types in which the longer 
cells with thin walls become mucilaginous. 
The sub-epidermis is formed of two to 
six rows of thick-walled cells with narrow 
lumen. The fibrous layer is formed of 
a single row of very thick cells. The 
ovular hypodermis ( 4.0.) remains compact 
in the seed. 

Reiche (1921) has described the fruit 
and seed development, as well as germi- 
nation and later stages, in Sechium edule 
Sw. Regarding the development of seed 
in this plant he says that the ovule, which 
always has the micropyle facing up, 
becomes flattened with the development 
of the fruit. The ovular epidermis, which 
in other Cucurbitaceae contributes to the 
formation of a complicated testa, fuses 
with the pericarp in Sechium edule. The 
cells of the epidermis are formed of 
pitted parenchyma full of resin. It be- 
comes yellow on treatment with iodine 
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and sulphuric acid. The inner surface 
of the testa is full of green colouring 
matter in germinating seeds. The nucellus 
is gelatinous and transparent. There is 
no starch in it. The endosperm grows 
in the middle of the nucellus. The 
embryo has wedge-shaped cotyledons 
and the radicle is a small knobbed 
structure. 


Ovule 


The ovules of E. wrightii are borne on 
three parietal placentae in a spiny and 
somewhat spindle-shaped ovary. Gene- 
rally one row of ovules, sometimes both, 
of one or two placentae do not grow to 
maturity. Barber (1909) and Kratzer 
(1918) have reported the same. 

At the time of formation of the mature 
embryo sac, the ovule is completely ana- 
tropous ( Fig. 1). The micropyle, which 
is formed of the inner integument, always 
faces distally in the fruit. A single vas- 
cular bundle enters the outer integument. 
It travels inside some of its inner layers 
and does not branch. There is no vas- 
cular supply either to the inner integument 
or to the nucellus. 

The nucellus is a massive structure with 
a narrow distal beak appressed to the 
inner integument. The embryo sac is 
lodged in the broader part of the nucellus 
at the base of the beak. 

The inner integument is formed of two 
layers of cells for its greater part excepting 
in the micropylar region, into which the 
nucellar beak protrudes, and here the 
integument is formed of 3-4 layers of 
cells. The entire nucellus and its narrow 
beak are closely enveloped by the inner 
integument, only the tip of the beak 
projecting slightly beyond it. 

By the time the embryo sac is mature 
the nucellus presses hard against the 
inner integument, most of the cells of 
which are, therefore, crushed (Fig. 1) 
excepting those against the beak in which 
part the inner integument persists a little 
longer ( Fig. 2). 

The outer integument is formed of 8- 
10 layers of cells ( Fig. 3) in a mature 
ovule. The cells of the outer epidermis 
are more or less isodiametric in early 
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stages. The hypodermis (h.o.)? and all 
other layers of cells lying inside it (:.z.) 
are polygonal and parenchymatous. The 
cells of the inner epidermis ( ep.1.), which 
are smallest in size, are full of cytoplasm 
like those of the outer epidermis. The 
rest of the cells of the integument, except- 
ing those of the vascular bundle which 
by this time is not fully developed, have 
large vacuoles and a small amount of 
cytoplasm. In the region of the pro- 
cambial strand the integument is slightly 
thicker, as can be made out from trans- 
verse sections of the ovule ( Fig. 4). 


Seed Development 


CHANGES IN THE NUCELLUS—The great- 
er part of the nucellar beak is destroyed 
by the pollen.tube ( Fig. 2). Endosperm 
formation begins soon after double fertili- 
zation. A large number of free nuclei are 
formed before wall formation takes place. 
The endosperm grows down into the 
middle of the nucellus and reaches nearly 
to its base. The cells of nucellus in this 
region have by this time considerably 
enlarged and show signs of disintegration. 
The peripheral layers, however, are com- 
paratively small-celled and the nucellar 
epidermis is formed of still smaller cells 
rich in cytoplasm. Ultimately, only the 
epidermis with three or four adjacent 
layers of the nucellus persists. 

Long before wall formation starts in 
endosperm, the embryo develops and 
becomes a many-celled structure, but its 
full growth into a leafy dicotyledonous 
form is complete only in the mature seed. 

CHANGES IN THE INTEGUMENTS — As 
stated above, the major part of the inner 
integument dies in the mature ovule 
( Figs. 1-4) leaving only the tip in tact. 
With further growth of the nucellus and 
its contents in post-fertilization stages, 
the tip is also crushed and disappears. 
The statements of earlier investigators, 
describing the inner integument as 
taking part in the formation of the 
seed coat, therefore, appear to be based 


2. The hypodermis present at this stage is a 
primary structure and is designated as ovular 
hypodermis. In the seed coat, however, it be- 
comes deep-seated and the seed hypodermis 
(a several-layered tissue ) arises secondarily. 
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Fics. 1-4— Fig. 1, 1.s. ovule at mature embryo 
sac stage, the inner integument showing signs 
of degeneration. x72. Fig. 2, l.s. ovule soon after 
fertilization; inner integument degenerating; 
A-A1 part from which Fig. 5 is sketched. x 72. 
Fig. 3, part of Fig. 1 giving detailed structure 
of outer integument, inner integument and part 
of the nucellus; note the radial elongation of 
the outer epidermis. x 650. Fig. 4, t.s. slightly 
older ovule; inner integument absorbed; the 
nucellus in intimate contact with the outer 
integument which is wider (in the zone of the 
vascular bundles ) at the edge. x 72. 


on the splitting of the seed coat into two 
parts, as will be clear in the subsequent 
paragraphs. 

The earliest change brought about in the 
outer integument is the radial elongation 
of the outer epidermal cells (Fig. 5, ep.o.). 
This starts even before the fertilization 
of the ovule, and the epidermal cells on 
a level with the beak of the nucellus 
first divide periclinally into two layers. 
They are followed by those that lie 
against the vascular region and, lastly, 
by the epidermal cells in other regions of 
the integument. 

The inner layer of cells, formed by the 
first division, divides no further ( Fig. 5, 
el). It forms a characteristically pali- 
sade layer ( Figs. 6, el; 7, scl) which be- 
comes sclerenchymatous in the seed, 
where it has been described under this 
name. The ovular hypodermis (h.0.), 
compressed by the formation and growth 
of this layer, may divide periclinally at 
places, only once or twice, but it remains 
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FiGs. 5-8 — Fig. 5, part of the outer integu- 
ment of Fig.2. Part A-Al of Fig. 2 showing the 
divisions of the outer epidermis into various 
layers which push in the ovular hypodermis. 
Fig. 6, l.s. part of outer integument taken from 
middle of integument; note elongation of layer 
of cells formed by tangential division of outer 
epidermis (el) to form sclerenchyma later on; 
ovular hypodermis pushed in deeper still. Fig. 7, 
lis. inner part of outer integument to show 
that (el in Figs. 5, 6 ) a layer of cells formed by 
first tangential division of outer epidermis of 
outer integument has undergone extreme elonga- 
tion to form sclerenchyma not yet thick-walled. 
Fig. 8, l.s. outer part of the outer integument 
showing large-celled outer epidermis of seed coat 
(ep.l.), small-celled outer epidermis of seed coat 
(ep.s.), seed hypodermis (h.s.). Note carpel 
endothelium enveloping outer integument. All 
x 650. 


an important layer because, by its disinte- 
gration in the mature seed, the testa is 
split into two parts. 

Other cells of the integument do not 
show any division, but they slightly enlarge 
and elongate tangentially and always 
form a compact tissue ( Fig. 7, 2.z.) lined 
on the interior by the small-celled inner 
epidermis ( ep.i.), the cells of which also 
show a slight tangential elongation. 

Regarding the division of the outer 
epidermis, Kratzer ( 1918 ) also finds that 
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this divides into three layers e, e! and el, 
The first division cuts off the inner layer 
e! which divides no more, but forms the 
sclerenchymatous layer characteristic of 
all seeds of the Cucurbitaceae. The 
second division of the epidermis into e 
and e!! settles e as a permanent epidermal 
layer with no further division of its cells. 
The entire sub-epidermal tissue external 
to the sclerenchymatous layer, according 
to Kratzer (1918), is the product of ell 
alone, but this does not hold good so far 
as Echinocystis wrightii is concerned. I 
have observed ( Figs. 5, 6) that in this 
plant both e and e take part in the 
formation of the secondary hypodermis, 
a sub-epidermal tissue. Some cells of e, 
however, continue to divide a little longer 
than others and form an epidermis of 
smaller cells ( Fig. 8, ep.s.) while those 
cells that show less number of divisions 
enlarge considerably to form very conspi- 
cuous epidermal cells (ep.1.). In places 
they become even radially elongated 
( Fig. 9, ep.l.). Barber (1909) and Kratzer 
(1918) have both described two types 
of epidermis in Echinocystis lobata. The 
layers of sub-epidermal tissue ( hs.) 
against the small cells of the epidermis 
are considerably larger than those against 


Fic. 9 — l.s. tip of outer integument and part 
of nucellar beak; note gradual decrease in the 
size of sclerenchyma towards the tip. Inner zone 
of outer integument which becomes chloren- 
chyma on ripening broken down at the place 


marked by *. x 650. 
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the bigger epidermal cells. Barber (1909) 
also finds the same for E. lobata. 

The periclinal divisions of layers e and 
el are most pronounced in the part of the 
integument on level with the nucellar 
beak, which partly accounts for the greater 
thickening of the integument in this 
region. The length of sclerenchymatous 
cells, in the upper part of the integument, 
is greater than in the lower part. Near the 
tip, however, there isa gradual and marked 
decrease in the size of these cells, until 
in the extreme tip no sclerenchyma cells 
can be made out. The extreme tip of 
the integument develops by a large num- 
ber of periclinal and anticlinal divisions 
of the cells derived from the layer e. 

The procambial strand of the ovule 
differentiates into xylem and phloem in the 
young seed. The vascular bundle is seen 
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to enter the funiculus and travel un- 
branched along the edge of the seed in 
the inner zone (17.z.) of the developing 
testa. Only a median longitudinal sec- 
tion of a young seed, running parallel to 
the flat surface, therefore, shows the full 
course of the vascular bundle ( Fig. 10, 
v.b.) while in a longitudinal section at 
right angles to the above, called “ trans- 
median longitudinal section ” by Corner 
(1951), the cross-section of the vascular 
bundle can be seen lying at the other end 
opposite to the micropyle ( Fig. 11, v.b.). 
Transverse sections at various levels of 
the seed at this stage show cross-sections 
of the vascular bundles near the edge 
of the seed (Figs. 12-14). Figs. 10- 
14 also give the proportionate width 
of the various layers forming the seed 
coat, 


Fics. 10-14 — Fig. 10, median Ls. of youn 


vascular bundle reaching near the micropyle. 


sections as Figs. 12-14, appear. x 33. 
x "72: 


g ne parallel to the flat surface; note the single 
lie 
of slightly older seed than that in Fig. 10; the letters 


Fig. 11, trans-median longitudinal section 
A, B and C indicate levels at which cross- 


Figs. 12-14, t.s. of above at levels A, Band C respectively. 
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Mature Seed 


When the seeds mature, the fruit 
dehisces by a transverse partition near 
-the apex much like a pyxidium. Seeds 
are shaken down by the wind from the 
spongy network of the fruit whose mouth 
now faces down. 

The mature seed is glistening black, 
with the hilum only remaining dirty 
white. In shape, it is flattened, some- 
what oval in outline, and with a narrow 
tip notched at both sides, forming the 
micropylar end of the seed. The flattened 
sides are slightly convex with a shallow 
groove running about ; mm. from the 
edge. There are a large number of pro- 
jections and depressions on a mature 
seed, but a depression in the middle of 
each of the flattened sides is most charac- 
teristic in having an irregular and some- 
what triangular outline with the base of 
the triangle prolonged to the edges. 

The mature seed coat is formed of two 
parts, (a) the outer envelope, forming the 
tough black testa, lined by (b) a thin 
papery membrane which is green in freshly 
discharged seeds. The tough testa is 
formed of the epidermis, the sub-epidermal 
layers, the sclerenchymatous layer and the 
broken remains of aerenchyma which is 
derived from the ovular hypodermis. The 
remaining inner part of the outer integu- 
ment becomes green and forms the papery 
covering which separates in dry seeds. 

(1) The epidermis is formed of two types 
bof cells { Fig. 15, e2.l., ep.s.), as stated 
above. Against considerably shrunken por- 
tions ( depressions ) of the seed are found 
big epidermal cells, while in the regions 
of the projections only small epidermal 
cells are noticeable (Fig. 15). The 
bigger cells by the loss of their watery 
contents shrink more than the smaller 
cells. The thickness of the sub-epidermal 
layers, being greater against the latter, 
forms the projections of the seed. . All the 
epidermal cells are empty and are covered 
on the outside by the papery remains of 
the carpel endothelium ( ce.). 

(2) The seed hypodermis is composed of 
several layers in a mature seed. It oc- 
cupies the place between the epidermis 
and sclerenchyma layer. This secondary 
hypodermis (Fig. 15, hs) acquires 
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thickenings of its walls which are most 
conspicuous in cells lying immediately 
below the epidermis. The thickening of 
the cell walls gradually decreases as the 
size of cells of the inner layers increases. 
The outer two, three or four layers of the 
cells of the hypodermis are full of dark 
brown contents, the accumulated effect of 
which makes the seed appear black. There 
are numerous plasmodesma connections 
among them as well as in the inner layers 
with thick walls. 

The innermost layer or two of the seed 
hypodermis are formed of small cells more 
or less isodiametric. These cells have thin 
cellulose walls. There are no intercellular 
spaces as described by Barber ( 1909) in 
E. lobata from which E. wrightii differs a 
good deal in the compactness of the tissue. 

(3) The sclerenchyma tissue is formed 
from a single layer of palisade cells which 
become thickened in the mature seed. 
The form of its cells can be made out only 
from macerations, or from reconstructions 
of longitudinal and transverse sections at 
various levels. 

Cross-sections of both elongated ends 
of the cell show a sinuate outline ( Fig. 
16), while sections passing through its 
middle part show a polygonal outline 
(Fig. 17). The thickness of the cell wall 
is greatest in the middle and gradually 
diminishes towards the two ends ( Figs. 
16-18). Barber (1909) described the sinu- 
ous form of the ends of the sclerenchyma 
cellsin E.lobata. His statement, however, 
that branches of the narrow cavity of the 
cell are sent to the two ends of the cell is 
not clear. Kratzer (1918; Fig. 26) also 
shows the cells of the sclerenchymatous 
layer having folds at each end. He, 
however, does not draw attention to the 
exact shape of the cell. 

Longitudinal and cross-sections of the 
micropylar region of the testa may show 
apparently several layers of sclerenchyma, 
but this is a deception caused by the 
overlapping of the elongated cells which 
are directed obliquely forward, as can be 
seen from the maceration of this part. 

(4) The aerenchyma is the result of 
changes brought about in the ovular 
hypodermis. The cells of this layer are 
stellate and enclose numerous large air 
spaces between them (Fig. 19). When 


Ex 


I 


7 


nat 
eo 


Bar 
—— 
Bercy 


17 18 


Fics. 15-20 — Fig. 15, part of the outer integument showing large-celled outer epidermis 
of seed coat, small-celled outer epidermis of seed coat, seed hypodermis of mature seed. Fig.. 16, 
t.s. outer ends of sclerenchymatous cells showing sinuate and thick walls. Fig. 17, t.s. middle of 
sclerenchyma; note the polygonally arranged cell walls have become extremely thickened to leave 
only an oval lumen. Fig. 18, l.s. sclerenchyma cell with extremely thickened cell walls. Several 
folds of extremely sinuate ends of radial walls are cut in a section. Fig. 19, l.s. part of seed coat 
through the region of aerenchyma which is bounded on the outside by sclerenchyma and inside by 
chlorenchyma. Fig. 20, l.s. part of the inner seed coat, chlorenchyma and inner epidermis of 
outer integument along with nucellus, endosperm and cotyledon. All x 650. 


the seed is shed and dries up, the cells of layer is, therefore, responsible for bring- 
this layer break so that the inner layers ing about the splitting of the seed coat. 
(1.z., ep.t.) of the outer integument are (5) The chlorenchyma is formed from 
separated from the outer layers. This the layers of the outer integument, internal 
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to the original hypodermis (/.0.), which 
develop chlorophyll. The cells are tan- 
gentially elongated, thin-walled and com- 
pact ( Figs. 19, 20, chl.). They form the 
tegmen of the seed. The inner epidermis 
(ep.t.) is formed of small cells. 

In the mature seed the nucellus is 
reduced to a papery lining within the 
green cover of the tegmen and is formed 
of three or four layers of tangentially 
elongated, thin-walled cells without any 
contents (Fig. 20, 7. ). 

The endosperm is reduced to a single 
layer of cells in the mature seed ( Fig. 
20, en.). It is closely pressed against the 
nucellus by the embryo and is, certainly, 
an incomplete layer in some seeds. 
Barber (1909) also found the same in 
E. lobata. I have observed that in E. 
wrightii, even when all the endosperm 
cells have been consumed from other 
places in the seed, a few are still present 
near the tips of cotyledons against the 
vascular zone of the tegmen. 

The embryo is formed of leafy coty- 
ledons, a small radicle and a plumule. 
Sections of cotyledons (Fig. 20, cot.) 
show that each has a covering of small 
epidermal cells with a mesophyll formed 
of 8-10 layers of columnar cells of which 
two or three layers near the upper surface 
are more elongated than the rest. 


Summary 


Echinocystis wrightii has a bitegmic 
anatropous ovule with a beaked nucellus 
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and a micropyle formed by the inner 
integument which has two layers of cells 
in the lower part and three to four in the 
region of the beak. 

The massive outer integument is com- 
posed of eight to ten layers of cells from 
which various layers of the elaborate 
seed coat are derived. 

The testa develops from the divisions 
and maturation of the cells derived from 
the outer epidermis of the outer integu- 
ment. 

The layers of cells internal to the 
original hypodermis of the outer integu- 
ment become green in the seed and, 
by the rupture of the aerenchyma deriv- 
ed from the ovular hypodermis ( which 
is the original hypodermis), form the 
tegmen which firmly envelops the thin 
papery nucellus and endosperm (if 
present ). 

The cotyledons have eight to ten layers 
of columnar cells forming the mesophyll, 
which is covered over by small epidermal 
cells. 

It is my pleasant duty to express my 
gratitude te Mr. E. (J... HosGormer “for 
suggesting the problem and helping me 
during the progress of work. I am grate- 
ful to Professor G. E. Briggs for granting 
me facilities to work in his department, 
and to the British Council for the neces- 
sary travelling funds from India. Thanks 
are also due to the Principal, B. R. College, 
Agra, for granting me an official year’s 
study leave. 
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SPOROGENESIS AND GAMETOGENESIS IN 
ODONTOSTOMUM HARTWEGII TORR. 


MARION S. CAVE 
Department of Botany, University of California, Berkeley, U.S.A. 


Many of the genera in the Liliales and 
related groups have been moved from 
place to place in the taxonomic system 
depending on the opinion of the classifier 
as to their systematic relationships. 

Among such a large number of genera 
it is to be expected that often the data 
available for classification are insufficient. 
Evidence from cytology and embryology 
is completely lacking in many instances. 
Over the past few years it has been the 
aim of the author to subject the native 
California members of the Liliales and 
their allies to embryological investigation 
for the purpose of gathering evidence con- 
cerning their taxonomic relationships. 

The present paper describes sporogene- 
sis, gametogenesis and the gametophytes 
of Odontostomum hartwegii Torr. This is 
a little studied, but fairly common, mono- 
typic genus often occurring on serpentine 
soils in California. Krause ( 1930 ) places 
it in the Liliaceae as the only genus in the 
sub-tribe Odontostominae of the tribe 
Asphodeleae, sub-family Asphodeloideae. 
Hutchinson (1934) has moved it along 
with four genera of the tribe Conanthereae, 
sub-family Hypoxidoideae of Pax and 
Hoffman’s (1930) Amaryllidaceae ( Con- 
anthera, Cyanella, Zephyra and Teco- 
philaea) and Cyanastrum of Engler’s 
( 1930 ) Cyanastraceae to the Tecophilaea- 
ceae. He considers the latter family “ to 
be a distinct link between the Liliaceae 
and Iridaceae, the ovary being semi- 
inferior ”. Of the six genera comprising 
the Tecophilaeaceae only Cyanastrum has 
been investigated embryologically up to 
now.! 


1. Since this paper went to press there has 
come to the attention of the writer an article 
by M. P. de Vos in the South African Journal 
of Science, Vol. 46 ; 220-226, 1950, entitled, 


Young buds of Odontostomum hartwegii 
were fixed in a variation of Carnoy’s 
solution (4 parts chloroform, 3 parts 
absolute alcohol and 1 part glacial acetic 
acid), smeared and stained with iron 
aceto-carmine for the study of micro- 
sporogenesis and development of the male 
gametophyte. Macrosporogenesis and the 
female gametophyte were studied from _ 
material fixed in the same solution and 
also in CRAF and FAA. The latter two 
gave the best fixation. All ovaries were 
embedded in paraffin, sectioned longitudi- 
nally at 15 u and stained with Heiden- 
hain’s iron alum haematoxylin. Collec- 
tions were made in California at roadside 
between Whitmore and Fern, Shasta Co.; 
3 mile north of Rock Creek, Placer Co.; 
and 24 miles east of junction between 
highways 299 and 99, Shasta Co. 

MICROSPOROGENESIS AND DEVELOPMENT 
OF THE MALE GAMETOPHYTE — Meiosis 
in the PMC shows 10 bivalents at meta- 
phase I (Fig. 1). Separation of the four 
spore nuclei by walls is simultaneous, no 
wall being formed between the nuclei 
after the first meiotic division. The posi- 
tion of the pollen grains is tetrahedral 
(Fig. 2). 

Young tapetal cells are uninucleate and 
metaphases in them show about 40 chro- 
mosomes, thus indicating that they are 
tetraploid. Their nuclei are highly chro- 
mocentric. At the prophase of meiosis 
in the PMC they have already become 
binucleate, and by the time the pollen 
grains are formed they begin to degene- 
rate. Although the nuclei may be poly- 
ploid, no more than two per cell were 
observed. 


“Die Ontwikkeling van die Saadknop en Saad by 
Cyanella capensis L.: ‘n Geval van Polyem- 
bryonie ”, 
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cells. 
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In the developing microgametophyte 
a single groove or furrow appears very 
early and is well outlined by the prophase 
of the first gametophyte division. Ten 
chromosomes are easily observed ( Fig. 
3). The generative cell is lens-shaped 
and is formed in a proximal position, i.e. 
on the side opposite the groove ( Figs. 4, 
5). The generative nucleus is small and 
its chromatin stains heavily, whereas the 
vegetative nucleus is larger and its chro- 
matin lighter and more dispersed. In 
the mature pollen grain it is possible 
to distinguish the small amount of 
cytoplasm surrounding the heavily stain- 
_ ed generative nucleus. The vegetative 
nucleus is stained so very lightly that it 
is sometimes invisible in _ protoplasts 
pushed out of the pollen grain wall ( Figs. 
4, 5). When pushed out, the gameto- 
phyte maintains the shape which has been 
determined by the pollen wall. 

MACROSPOROGENESIS AND DEVELOP- 
MENT OF THE FEMALE GAMETOPHYTE — 
Each of the three locules of the ovary 
contains two ovules attached to the axial 
placenta, lateral outgrowths of which may 
be seen at the base of the funiculus at 
an early stage. The ovules possess two 
integuments. 

There is one layer of cover cells between 
the embryo sac mother cell and the 
nucellar epidermis ( Fig. 6). During the 
 meiotic prophase the inner and outer 
integuments develop rapidly to surround 
completely the nucellus (Fig. 7). The 
two meiotic divisions produce a row of 
Division in the outer dyad nucleus 
is usually abortive so that at the end of 
meiosis only three cells may be seen, the 
innermost becoming the embryo sac 
initial (Fig. 9). Before spore formation 
is completed the nucellar tissue at the 
micropyle begins to develop. Periclinal 
and anticlinal divisions of the nucellar 
cells take place until there are four to 
six rows of cells forming a cap over the 
sac (Figs. 7-9). Immediately upon the 
first division of the embryo sac initial 
this nucellar cap begins to degenerate 
along with the cells at the side ( Fig. 10). 
Three divisions in the sac give rise to an 
8-nucleate gametophyte which is organized 
normally into the egg apparatus, three 
antipodals and the central cell with two 


fused polars (Figs. 11-14). The anti- 
podals degenerate early. Mature sacs are 
elongated with the wider part toward the 
micropyle. Many of them show signs of 
disintegration as soon as they are formed. 
Only one of the six ovules develops into 
a seed, the others apparently degenerat- 
ing even before fertilization. 


Discussion 


Whatever may be the morphological 
similarities between Odontostomum and 
Cyanastrum causing Hutchinson to in- 
clude them in the same family, it is plain 
that their embryological characteristics 
are strikingly similar. 

In microsporogenesis and microgameto- 
genesis there are certain features common 
to both genera. Both possess binucleate 
tapetal cells, often with lobed nuclei. 
The pollen grains are formed simultane- 
ously. Nietsch’s (1941) Abb. 1, Fig. 13 
of Cyanastrum shows a mature pollen 
grain with protoplast of a shape similar 
to that in Odontostomum (Figs. 4, 5). 
She states that the vegetative nucleus of 
the microgametophyte stains poorly in 
Cyanastrum, and that the generative 
nucleus lies opposite the furrow of the 
pollen grain, both features found also in 
Odontostomum. 

Considering macrosporogenesis and 
development of the female gametophyte 
the following characteristics may be listed 
in common in the two genera: 

1. A layer of cover cells over the em- 
bryo sac mother cell. 

2. Increase of nucellar tissue through 
periclinal and anticlinal divisions below 
the micropyle during sporogenesis. 

3. Growth of both integuments so that 
they completely surround the nucellus 
before meiosis I. 

4. Degeneration of the micropylar 
nucleus after meiosis I, only the inner- 
most undergoing meiosis II. 

5. Progressive degeneration of nucellar 
cells surrounding the embryo sac during 
macrogametogenesis. 

6. Elongated mature embryo sac taper- 
ing from the micropyle to the chalazal end 
where the antipodals begin to degenerate. 

Similarity in another ovular structure 
is also noteworthy. In Odontostomum the 


Fics. 1-16. 
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tissue at the base of the funiculus where 
it is attached to the placenta produces a 
protruberance like that which Nietsch 
terms the obturator in Cyanastrum ( Figs. 
15, 16). This outgrowth develops toward 
the micropyle and according to Nietsch 
may serve to assist the pollen tube in that 
direction. 

A morphological comparison of the two 
genera with respect to the development 
of the ovule after fertilization has not 
been possible. As described by Fries 
(1919) for Cyanastrum johnstoni Bak. 
the endosperm degenerates after a few 
divisions. In C. cordifolium Oliv. the 
cells of the chalaza exterior to the vas- 
cular bundle develop into an appendage 
of loose strands filled with starch. He 
has called it the chalazosperm. Nietsch 
describes such an appendage in an un- 
determined Cyanastrum species and agrees 
with Fries as to its origin. 

Unfortunately the writer does not have 
sectioned material of fertilized and deve- 
loping ovules in order to ascertain whether 
such an appendage is characteristic also 
of Odontostomum. However, boiled and 
teased tissue of dried seeds of the latter 
have long loose strands of cells containing 
starch similar to those described by Fries 
and Nietsch in the chalazosperm, but of 
course the origin of the tissue could not 
be determined. 

A physiological or developmental 
characteristic common to both genera is 
the fact that only one of the six ovules 
matures. In Odontostomum evidence for 
the degeneration of ovules is seen as early 
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as the 8-nucleate gametophyte stage in 
which the nuclei become necrotic. 

Nietsch has discussed the taxonomic 
relationships of Cyanastrum in detail. 
The genus has been assigned at different 
times and by different authors to the 
Haemodoraceae, tribe Conanthereae; and 
to the Pontederiaceae. Engler, after des- 
cribing the nutritive tissue of the ripe seed 
as perisperm, established the family Cya- 
nastraceae with the single genus Cyanas- 
trum ; and placed it after the Pontederia- 
ceae. Fritsch (1932) places the family 
together with the Pontederiaceae and 
Philydraceae in the Bromeliales preceding 
the Liluflorae. Following Leybold, Hut- 
chinson recognizes the Conanthereae as 
belonging to the Tecophileaceae and also 
ascribes Cyanastrum and Odontostomum 
to this family. 

Although the external characteristics 
of the Conanthereae are similar to Cyanas- 
trum the fact that they are unknown 
embryologically? and that the tribe has 
been assigned to various families ( Haemo- 
doraceae, Amaryllidaceae, Tecophilea- 
ceae ) by different authors leads Nietsch 
to agree with Engler and to leave Cyanas- 
trum as the only genus in the Cyanastra- 


2. A comprehensive bibliography on the taxo- 
nomic position of Cyanastrum may be found 
in Nietsch's paper. 

3. According to de Vos in Cyanella there 
are present in each locule of the ovary many 
ovules which ripen; and in the mature seed no 
such structure as a “ chalazosperm ’ is formed. 
Such conditions are contrary to those described 
for Cyanastrum which has at times been consi- 
dered closely allied to Cyanella. 
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FiGs. 1-16 — Fig. 1, metaphase of meiosis I in PMC showing 10 bivalents. 
Fig. 3, metaphase of first division in pollen grain or male gameto- 


tetrad of pollen grains. X 575. 


phyte showing the haploid number of 10 chromosomes. x 1150. 
gametophyte pushed out of pollen grain wall showing generative cell. 
of male gametophyte pushed out of pollen grain wall. x 575. 
Fig. 7, older embryo sac mother cell showing development of inner and outer 
Fig. 8, still later stage of embryo sac mother cell. 
Fig. 9, developing macrospore with remains of 


cell. x 360. 
integuments. 360. 


anticlinal divisions in nucellar cells. x 360. 


upper dyad nucleus and sister nucleus disintegrating. 
10, two-nucleate embryo sac. 
Fig. 11, a, b, four-nucleate embryo sac in adjacent sections. 
Fig. 12, section of eight-nucleate embryo sac surrounded by 


embryo sac. x 360. Fig. 
disintegrate. 360. 


tegrating nucellar cells. 360. 


disintegrating nucellar cells and showing one synergid, two polar 
Fig. 13, synergid lying over egg cell. 
nucleus lying close to the three antipodal cells. 


x 360. 


x 1150: 


IS DRE 
Fig. 4, proximal view of male 
575. Fig. 5, distal view 
Fig. 6, young embryo sac mother 


Note periclinal and 


Note development of nucellar cap over 
Cells of nucellar cap beginning to 
Disin- 


nuclei and two antipodals. 
Fig. 14, large secondary embryo sac 


x 1150. Fig. 15, longitudinal section of ovule 


through embryo sac showing position of integuments and obturator or outgrowth of placenta. 
x 55. Fig. 16, longitudinal section of ovule through plane of vascular bundle showing obturator. 
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ceae. She suggests, however, that the 
family is more closely related to the 
Dioscoreaceae and Taccaceae on the basis 
of embryology, leaf venation and tuber 
structures, even though it differs from 
the latter families in fruit and seed 
characteristics. 

Cytological comparison of the genera 
concerned cannot be made since the 
chromosomes of only Odontostomum have 
been described. Nietsch notes that the 
haploid number of Cyanastrum is 12, but 
she does not figure the chromosomes. 


Conclusion 


The present embryological investigation 
has thrown some new light on the taxo- 
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nomic confusion by showing that a close 
relationship between Cyanastrum and 
Odontostomum exists. Thus Hutchinson’s 
placement of them in the same family is 
substantiated. However, the relationships 
of the other genera within the Tecophi- 
leaceae and the place of the family with 
respect to the Liliales or related orders 
must be determined by further investi- 
gation. Cytological and embryological 
studies are highly desirable and parti- 
cularly worth while would be a knowledge 
of the origin of the nutritive tissue in the 
seeds. 

The writer wishes to thank Dr. Charles 
Mason, Dr. Herbert L. Mason and Dr. 
Malcolm Nobs for material collected by 
them. 
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THE PROBLEM OF FORM IN PRESENT-DAY BOTANY 


ROBERT BLOCH 
Yale University, New Haven, Conn., U.S.A. 


Introduction 


Man is in nature surrounded by count- 
less inanimate and animate forms which 
invite his interest, help him to achieve 
understanding of his own make-up, and 
stimulate his imagination in a number of 
other ways. It is hardly necessary to 
stress such an obvious relationship which 
was given appropriate expression when 
Plato and Aristotle, and later Aquinas 
and Goethe, conceived of form as a basic 
and universal principle and of the world 
as a hierarchy of forms. Let us, however, 
define a little more closely what we mean 
by form in general, and by organic form 
in particular. 

All things in nature can, of course, be 
described in terms of the presence or 
absence of definite shape, geometrical 
relationships of parts, and internal struc- 
tural order. Even the formless has 
meaning, inasmuch as extrinsic factors 
may shape its expression. But we are not 
talking here of states of relative disorder, 
of the unorganized, the disorganized, or 
the half-organized. Nor have we to deal 
with mere physical states with hidden 
symmetries and form of a low order. We 
are considering living forms in the 
majority of which there is clearly exhibit- 


ed what most people really mean when . 


they speak of form: visible shape, orderli- 
ness, and organization, in general, some 
integrated and meaningful relatedness and 
co-ordination, for example, geometrical 
and physiological, as in the phenomena 
of organic symmetry and development. 
Living forms are very complex; this 
becomes evident when we pause to think 
in how many ways something may go 
wrong with their orderly development, for 
example, in the manifestations of atypical 
growth. For in the hierarchy of orders 
and forms not every contributing element 
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must of necessity be present at any time 
and every level, and it is a remarkable 
phenomenon that every degree of order 
bears in it the germ or potentiality of a 
corresponding manifestation of formless- 
ness and disorder. 

In organic forms shape as a rule is quite 
specific, mostly rigidly circumscribed, 
external symmetries are conspicuous, and 
the internal structure and physiological 
processes are highly differentiated; in 
other words, the order of form is very high. 
When we speak of organic form, in the 
present case of the morphology or form 
of a plant, we have in mind just this high 
order. We recognize it in the fully 
developed plant, in the body as a whole, 
its organs, tissues and microscopic consti- 
tuents, and furthermore it is necessary 
to distinguish between static and dynamic 
form, between stage form and life form. 
In its cyclic development the plant 
passes more or less gradually through a 
series of characteristic form stages, which 
are conspicuously distinct and often 
persist. On the other hand, not only the 
individual developing organ but the plant, 
as a whole, may be conceived of as a 
changing form in time. This entire, well- 
regulated, cyclic change, this symmetrical 
oscillation between spore and adult form, 
constitutes the life form of the plant. 

It has been the object of scientific 
enquiry to gain understanding of the 
relationships in the development of form 
between the parts of the individual, 
between the forms of different species and 
genera, and of the mechanics of form 
control in general. The knowledge in any 
given form of what would be in Aristotelian 
terms the efficient and the material causes 
is expected to provide the answer to the 
question why organic forms develop and 
behave as they do. There is a great task 
here because biology is only beginning to 
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penetrate the complexities of living forms. 
There is infinitely more to be explored 
until the biologist will find himself in 
the position of being able to offer the 
kind of radical explanations already 
available to the physicist. Until that 
time he may wish to postpone philoso- 
phizing. There is the question, however, 
perhaps not too obvious to the modern 
scientist in his unremitting search for 
ultimate entities of a measurable nature: 
whether the “ causal ”, irreducible prin- 
ciple of nature may be identical with form 
itself. This problem lies on a more 
philosophical and introspective plane, but 
it has not been entirely ignored by plant 
morphologists. Nor should it, for that 
matter, by the physiologist. For the 
morphological and the physiological ap- 
proach to organism, to its outer form and 
to its activity, are both dealing with 
aspects of one and the same phenomenon. 


The fateful divorce of physiology from 
morphology which became customary 
during the latter part of the nineteenth 
century only climaxed a development 
which had long been in the making. 
Democritus, the early atomist, whose 
mechanistic and materialistic approach 
to reality gained preponderance in the 
analytical science of the Renaissance, may 
be considered in more than one way the 
father of the modern analytical research 
ideal which promoted the dissection of 
the forms of nature into ever smaller 
constituents. This mood also moulded 
botanical theory and methodology. The 
breaking up of the organism into its 
chemical constituents, functional events 
and temporal sequences brought many 
new facts to light, but the difficult and 
necessarily slow adventure of stating 
visible organic form in physico-chemical 
terms had two major consequences. First, 
it absorbed the energy of the investigator 
to such a degree that little attention was 
being paid to what the starting point had 
been, namely the undeniable phenomenon 
and primacy of form. Second, the start- 
ling discoveries of cytology, cytogenetics, 
submicroscopical morphology and bio- 
chemistry fostered the hope that some- 
where in this game some miraculous 
substance, some new physical or chemical 
principle might turn up which might bear 
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in it the key to the secret of form and its 
orderly development. We are not too far 
from the truth when we attribute the 
setback of morphology during the latter 
part of the nineteenth century, the 
consequences of which are still felt, to 
the impact of the physico-chemical and 
mechanistic ideal of knowledge success- 
fully represented by functional physiology. 
Against this, the vitalistic reaction made 
relatively little headway because it bur- 
dened biology with the metaphysical 
difficulty of an entelechy of non-spatial 
and non-mechanical character which at 
the same time was expected to act asa 
formative power in nature. The relega- 
tion of morphology to a secondary position 
occurred even more easily since its own 
ideal of knowledge had undergone already 
a significant transformation under the 
influence of the theory'of evolution. 


Form and Type in Relation to 
Classification and Phylogeny 


All classification is based on the dis- 
tinction of typical forms or types, static 
or dynamic, in nature. The static forms 
of crystals are described by schemata 
possessing characteristic axes and planes 
of symmetry as well as specific and 
regular micro-structures. In living forms, 
polar axes, symmetries, morphological 
units, homologies and analogies, organ 
and body types, may be established by a 
process of comparison and abstraction. 
The morphologists of the early nineteenth 
century, for example, Cuvier and De 
Candolle, sought to recognize within the 
world of animals and plants fixed struc- 
tural types, which exhibit in their bodies 
geometrical relationships and building 
plans, polarities and symmetries, in 
analogy to those of crystals. It was 
Goethe’s merit, however, to have demon- 
strated the unrealistic nature of a merely 
static, structural concept of type. It 
may be well to set forth here briefly the 

nature of Goethe’ ssignificant contribution, 
since its influence is: still largely felt in 
present-day plant morphology ( cf. Troll, 
1926, and other papers; Arber, 1946: 
Bloch, 1952b). Goethe’s aim was not 
classification as such. In his doctrine of 
metamorphosis he emphasized transfor- 
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mation, variation and change in time. 
His type leaf, his Urtypus and Urpflanze, 
were abstractions of a qualitative and 
somewhat philosophical nature which, 
however, stimulated research and contri- 
buted to an understanding in pre- 
Darwinian days of the basic variability of 
organic forms and of dynamic develop- 
ment. Goethe did not search for an 
archetype in the phylogenetic sense; he 
was satisfied to demonstrate within the 
infinite variability of phenotypic ex- 
pression the basic relatedness of all living 
forms. The early phase of morphology 
which sought to comprehend the very 
nature of life through the study of body 
form and structure attained in Goethe’s 
views its truest “ idealistic ’’” expression. 
For Goethe possessed the rare faculty of 
comprehending the appearances of nature 
in a sensitive way which combined keen 
observation of visual forms with an 
intuitive and aesthetic approach. This 
enabled him to have not only ideas of a 
realistic morphogenetic nature, to acknow- 
ledge the importance of Wolffs develop- 
mental method, but also to stress in the 
first place that autonomous element of 
form in living things which is so signi- 
ficantly related to present-day concepts of 
organization and wholeness. It was no 
accident that it was a poet-scientist who 
was to unite in organic form theory the 
_ real and the ideal and was thus to give to 
morphology a synthetic, timeless and 
symbolic character, at once elevating it to 
its status as a major branch of biological 
science and integrating it with other 
fields of human endeavour. 

Goethe’s influence on the morphological 
thinking of his contemporaries and on 
later workers grew incessantly and is of a 
varied nature. His dynamic concept of 
type had a very stimulating effect on the 
more developmental and experimental 
studies of morphologists, for example, 
Hofmeister who placed the concept of 
type on a wide comparative basis. within 
the main groups of the plant kingdom, or 
A. Braun who emphasized the phenomena 
of cyclic development and of rejuvenation 
as innate principles of living form. 
Goethe’s views on the prerogative of form 
are appreciated especially by present-day 
morphologists, for example, Troll, and 
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they have philosophical implications which 
exceed botanical theory. 

In classical morphology considerations 
of an historical, phylogenetic nature 
played a subsidiary röle. The Ur-, Arche-, 
and Prototypes of Goethe and his con- 
temporaries were based on ideal, logical 
and structural criteria, and the forms 
were taken for granted or “ gegeben ”. 
In the post-Darwinian era morphology 
became an auxiliary discipline of phylo- 
geny, and form was of interest mainly in 
relation to phylogenetic problems; ideal- 
istic morphology declined. Botanists were 
harvesting the returns of the new phyletic 
approach and of physiological analysis, 
and little time remained to dwell upon the 
idea of form as Urphenomenon and its 
implications. The type concept assumed 
a diferent significance. In the various 
theories of comparative morphology the 
concepts of homology, metamorphosis and 
transformation had mainly evolutionary 
significance, in accordance with taxo- 
nomic classification based on historical 
relationships. This is not the place to 
discuss in detail the various theories 
which mostly had to do with the organiza- 
tion of the leafy shoot, for example, the 
phyton, stelar, telome and partial shoot 
theory (compare, for example, Zimmer- 
mann, 1930; Arber, 1950; Wardlaw, 
1951). These schemes essentially attempt 
to determine, at least in part, the nature 
of the fundamental units in the form of 
higher plants in terms that appear phylo- 
genetically probable. Identity in type 
was taken as evidence of historic related- 
ness in a derivative sense, and the es- 
tablishment of unidirectional typological 
series seemed to present the hopeful 
analogy in morphology to the exact prin- 
ciples of quantitative, mechanistic, causal 
science. It appears significant, however, 
that present-day ontogenetic studies do 
not seem to support the idea of a mono- 
phyletic origin of plant forms, a postulate . 
which idealistic morphology had not 
made. Foster’s ( 1928, 1929, 1932, 1935a, 
1935b) and Cross’s ( 1938 ) developmental 
studies, for instance, show that scale 
leaves and foliage leaves are not to be 
derived from one hypothetical type phyl- 
lome, but that they are parallel entities. 
Arber ( 1950 ) has pointed out other cases, 
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Thus the type concept becomes more 
nearly an ideal one, in Goethe’s sense, 
without implying strict historic derivation 
from ancestral forms in the past, and the 
mindis freed for the consideration of other 
possibilities of interpreting plant form. 

As yet we have spoken of type only in 
so far as visible morphological characters 
were concerned. But on other levels of 
organization, we may also look for typo- 
logical criteria of anatomical, cytological, 
biochemical and physiological nature 
which may tell us a great deal about the 
morphological or taxonomic relatedness 
of plant forms. Their discussion would 
exceed the scope of this article. Few of 
these characters are, however, specific in 
the sense that they could serve as a 
substitute for the phenomena of form on 
the visible morphological level, and we 
may fittingly make a halt here to ponder 
for a moment the remarkable principle of 
organization through which the building 
stones are co-ordinated and differentiated 
up to a level of visibility, endowing the 
whole with the element of creativeness 
and novelty. 


The Morphogenetic Approach 
to Form 


Goethe was aware of the factorial and 
physiological aspects of form, and although 
the experimental-morphological and eco- 
logical part of his contribution was small, 
there was no reason in the new science of 
morphology for the separation of its 
physiological aspects. Goethe was con- 
tent to interpret the visible form changes 
of nature. He shunned mathematical 
analysis and was afraid of excessive 
instrumentation and use of microscopic 
dissection methods. He was almost 
superstitiously aware of the danger which 
lurks when man’s urge to analyse and to 
look behind the things gains the upper 
hand over his morphological instinct. 
His was a restriction in methodology 
which could, however, be remedied, while 
for late nineteenth century morphology 
the ready acceptance of the idea of being 
predominantly a phyletic discipline carried 
no hope for solution of its main problem. 
An entirely different outlook was needed. 
Just as phyletic morphology had super- 
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seded idealistic morphology and had often 
belittled its achievements, the startling 
successes associated with the more “ exact” 
methods of modern physiology and gene- 
tics overshadowed phyletically oriented 
morphology which now paid for its isola- 
tion. Morphology, however, was not slow 
in taking up the challenge. In its new 
form of causal morphology, developmental 
mechanics, developmental physiology, or 
under the less committal name of morpho- 
genesis, it incorporated new aspects and 
methods more in keeping with the ideal 
of knowledge set by the sciences of 
classical mathematics and Newtonian 
physics. The tendency was perhaps best 
expressed in the great attempt of Roux, 
the experimental embryologist, to make 
biology, in developmental mechanics, as 
nearly as possible a “ causal’’ science. 
He undertook to establish, by means of 
experimental analysis, a system of “true” 
material and efficient causes, and of 
factors which would make scientifically 
intelligible the development and the 
dynamics of living form. Analogous aims 
were pursued by botanists, to name only 
Goebel, Pfeffer, Sachs and Klebs. Botany 
does not have at its disposal the fine 
embryological material of zoology, but 
the classical phenomena of regeneration, 
expression of the wholeness-preserving, 
regulative properties of the plant body, were 
studied wherever possible. They inspired 
Vöchting (e.g. 1908) as well as other 
workers (compare reviews by Ungerer, 
1926; Küster, 1925; Bloch, 1941, 1952a ) 
and caused Noll ( 1900) to formulate the 
principle of morphaesthesia, a “‘ feeling ” 
of the plant body for form. 

We may briefly summarize here some 
of the approaches in this comprehensive 
morphogenetic attack on plant form, 
which are far more than a consideration 
of organic symmetry alone, namely those 
concerned with mathematical, physical, 
biochemical, physiological, genetic and 
developmental viewpoints. May it be 
said, however, that time and again in 
these individual approaches we encounter 
the experience of developmental mecha- 
nics: the gradual realization of the com- 
plex, integrated and formed system of 
the organism that finally led Roux to 
introduce, almost without his noticing 
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it, a typical biological terminology, con- 
ditional, qualitative and organismic in 
character rather than causal, elemen- 
taristic and physico-chemical. From it 
developed the integrative concepts of 
modern theoretical biology (e.g. Ber- 
talanffy, 1949) which, at any rate, seem 
rather distant from the ideal of Newtonian 
analytical science. 

We shall not attempt, in this brief 
survey, to discuss in detail those environ- 
mental factors of physical and chemical 
nature which generally in plants exert 
“ formative ” effects on development and 
differentiation, such as light, mechanical 
agents, temperature, nutrients, or water. 
These are well known, and some have 
thought that certain instances of parallel- 
ism or homology of organization are re- 
lated to such extrinsic factors rather 
than to genetic or constitutional ones 
(compare Wardlaw, 1951). 

MATHEMATICAL AND PHYSICAL ANALY- 
sis — The regular forms of the plant body, 
in particular the phenomena of phyllotaxy, 
the shapes of cells, and the structure and 
patterns of meristems have long invited 
description as well as explanation in terms 
of symmetry and mathematical and 
physical law. Space does not permit 
to review the older literature, but we 
should here, of course, take account 
of D’Arcy Thompson’s (1942) compre- 
hensive approach to organic form from 
the mathematical aad physical point of 
view. We may mention only his inter- 
pretation of the form of cells and of 
intercellular relationships in terms of 
surface phenomena, and the famous trans- 
formation of organic shapes by deforma- 
tion of co-ordinate systems. But D’Arcy 
Thompson also showed that the latter 
method, which served so well in deriving 
relatively closely related morphological 
types from one another, failed when 
applied to distantly related forms. Mathe- 
matical analysis indicated that the gaps 
in the evolutionary series may be more 
than accidental, that the number of 
possible “ types’? may be limited, and 
that the principle of discontinuity is in- 
herent in all our classifications, whether 
mathematical, physical or biological. This 
result is difficult to reconcile with the idea 
of a continuous evolutionary mechanism 
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producing an infinite, unidirectional series 
of forms. 

D’Arcy Thompson in the first place 
wished to demonstrate “ that in general 
no organic forms exist save such as are in 
conformity with physical and mathe- 
matical law”. At the same time he 
realized that his interpretations in mathe- 
matical and physical terms did not 
constitute full explanations. He warned 
against oversimplified explanations of a 
physical and chemical nature and against 
exaggerated emphasis of the evolutionary 
and hereditary factor to account for all 
living forms. Indeed we know that, for 
example, the laws of minimal area and 
surface tension do not suffice in many 
cases to explain the plane in which many 
plant cells divide which in its turn so 
frequently determines the resulting tissue 
pattern ( compare Sinnott & Bloch, 1941). 
It is a fact that many organic forms 
and systems resemble geometrically those 
encountered in simpler inorganic systems, 
but in their determination quite different 
principles and processes may be involved. 

There are, of course, many individual 
studies of geometric relationships as ex- 
pressed in the symmetry of plants. Frey 
( 1926 ), Schoute ( 1949 ) and Troll ( 1949) 
have discussed organic symmetry in 
general. The study of three-dimensional 
cell shape has made considerable progress, 
mainly due to the systematic investiga- 
tions and new techniques of Matzke and 
his school (eg. 1950). The mathe- 
matical and mechanical aspects of phyllo- 
taxy have been reviewed especially by 
D’Arcy Thompson (1942) and discussed 
comprehensively by Richards (1948), 
Snow and Snow (1948) and Plantefol 
(1948). Sinnott (1936) has analysed 
relative growth, especially in fruits, from 
the mathematical and genetical points of 
view, and the nature of electrodynamic 
fields has been studied especially by 
Lund (1947) and others. 

PHYSIOLOGICAL AND BIOCHEMICAL AS- 
PECTS— Any true physiology of the organ- 
ism must pursue not only the study of 
the isolated process, but also attempt to 
evaluate it in relation to the meaningful 
development of the whole. The goal must 
be a physiology of form development. 
For the organized physiological system 
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and visible form are in development both 
expressions of the same organismic prin- 
ciple. 

In his analysis of the various factors 
which appear to influence form, the 
botanist is in a position somewhat dif- 
ferent from the zoologist. He has not 
only to take into account material and 
intrinsic factors, such as the hereditary 
make-up, hormones, cells of specific re- 
activity, but he finds that plants are 
easily influenced both in growth and form 
expression by basic agents such as light, 
water, minerals, mechanical factors and, 
to some extent, temperature. Many ex- 
periments performed by experimental 
morphologists of the past deal with such 
“ non-specific ” factors; yet little is known 
as to the nature of their action on form 
which must be rather indirect. 

In plants the mechanism of chemical 
correlation, in particular the problem of 
the hormonal control of form, has been 
an actively debated and central field of 
research. In flowering plants we witness 
the gradual changes in form of the lateral 
appendages of the stem and the structural 
conversion of a vegetative, indeterminate 
meristem into a determinate, flower- 
producing one. Our ideas here have 
become much more definite in terms of 
physiological changes and hormonal 
theory, compared with those of Wolff who 
spoke of a change in the power of growth, 
or of Goethe who suggested refinement of 
the sap. Specific organic substances most 
likely play significant roles in develop- 
ment, organ determination and histo- 
logical differentiation. At the same time 
there is good evidence that age and posi- 
tion of cells and tissues determine to a 
considerable degree their reactivity or 
competence, that is, the mode of specific 
response to such substances. About the 
chemical character of most plant hormones 
relatively little is known (compare Pin- 
cus & Thimann, 1948) although frequently 
synthetic compounds may be substituted 
which produce similar morphogenetic 
effects. Still less is known about the 
mechanism which controls the formation 
and orderly distribution of natural plant 
hormones. Of particular interest is the 
question how such substances could 
possibly operate in organisms which do 


PHYTOMORPHOLOGY 


[ December | 


not possess cellular partition walls. The 
algae Bryopsis, Caulerpa and Acetabularia, 
for example, possess quite specific shape or 
form. Must we assume that within the 
large “ unicellular ” protoplast there is a 
mechanism of hormone production and 
perhaps gradient-like distribution com- 
parable to that in a multicellular vascular 
plant? On the other hand, if we assume 
that substances are distributed uniformly 
from the beginning, there must exist some 
kind of differential reactivity in different 
parts of the giant cell in order to account 
for phenomena such as polar regeneration. 
The question arises: What determines this 
differential reactivity ? 

The entire problem is probably tied up 
with the phenomenon of gradients or 
fields ( Child, 1941). These are known to 
be associated with basic organ polarities 
and patterns in lower ( Fucus ) and higher 
plants ( Whitaker, 1940; Weber, 1930, and 
his school; Prat, 1948, 1951; compare also 
Bloch, 1943). It appears that physio- 
logical and metabolic gradients are 
“instruments ” of differentiation rather 
than its true material cause. 

It is not a new idea that the chemical 
configuration of organic matter, its bio- 
chemistry, must be related to visible 
morphological form and to the way 
activity is expressed in the variously regu- 
lated physiological processes. Organic 
substance in its effect on visible form must 
be examined in various ways, from the 
point of view of its structure, the forces 
it exerts and the distribution and specific 
roles in metabolism and differentiation. 
It is, of course, most difficult to separate 
these various aspects and to formulate 
exactly the role of various factors in the 
determination or control of development. 

Since Brücke the secret of organic life 
and form has often been suggested to 
reside in the properties of protoplasm as 
expressed in cellular organization (cf. 
Troll, 1951). We are at the present time 
only able to describe the general picture 
of this organization as a concept which 
has not yet caught up with physical 
experience. It is difficult to assess the 
role in morphogenesis of conditions such 
as the colloidal or the paracrystalline 
state, or to say what really constitutes the | 
co-ordination in protoplasm since neither 
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molecules of sugar or protein, norenzymes, 
nor even a gene can operate in isolation 
from the rest. The biochemical approach 
to form and development is increasingly 
being pressed on all fronts, and the urge 
is felt to examine on the molecular level 
biochemical specificities as well as the 
orderly patterns of chemical reactions. 
Especially, Needham (1942, 1951) has 
time and again pointed out that a future 
biochemical understanding of morpho- 
logical form must be in terms of knowledge 
at all levels of the constituents and events 
which correlate the metabolic processes 
within the living cells with visible form. 

GENETICAL ANALYSIS — Genes are self- 
reproducing units, capable of mutation, 
which interact with other cellular consti- 
tuents and control catalysts and for- 
mative substances. It has been possible, 
especially in the field of microbiology, to 
correlate certain genetic changes with 
alterations in the biochemistry of cells or 
organisms, but various schemes suggested 
by physiological geneticists which are to 
account for the control by genes of orderly 
development and differentiation are still 
hypothetical. Sinnott (1935, 1939) has 
made mathematical and developmental 
analyses of the effect of genes on the size 
and shape of fruits, particularly in terms 
of the relationships and duration of cell 
division and cell expansion, but there 
remains, of course, at the present time, 
that vast gap between our knowledge of 
visible and measurable shape and the 
unknown constitution of the hereditary 
substance itself. 

FORM AND DEVELOPMENT — Of parti- 
cular significance in present-day morpho- 
logy and anatomy is the broad application 
of developmental methods. It is widely 
realized that an examination of adult form 
alone does not suffice to gain an adequate 
understanding of a particular morpho- 
logical or physiological problem under 
examination. An organism is different 
from, for example, a crystal in which 
there exists a simple relationship between 
form and internal structure at any given 
stage of growth. In morphogenesis the 
element of qualitative form change makes 
it necessary to relate any stage to any 
other stage that may precede or follow it, 
and, though the potentialities of the whole 
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may be present at any time, in the zygote, 
or in the more highly differentiated tissue 
cell, development is cyclic change of form 
in time, In fact, this developmental view- 
point is implied by the organismic concept 
of integrated levels of organization, and 
is accordingly being widely employed in 
theory and practice. We want to know 
about the ontogenetic origin of form, 
internal and external, in a meristem, a 
leaf, or a fruit. We seek to trace the 
moment when following photoperiodic 
induction internal anatomical changes in 
stem or meristem develop. Or, we wish 
to trace different stages in growth and 
tissue differentiation in relation to bio- 
chemical processes. On the other hand, 
we should avoid the notion of a rigidly 
fixed epigenetic sequence of stages and 
events. There is ample indication that 
the morphogenetic mechanism is endowed 
with a considerable degree of plasticity, 
whatever its actual nature may be. Many 
phenomena of dedifferentiation, regressive 
development, growth in tissue cultures 
and certain gall developments belong here. 
In some species a new plant may develop 
not only from a fertilized ovum, but also 
from more highly differentiated cells or 
from calluses. At the present state of 
our knowledge, any tracing back of a 
morphological form to more primitive or 
earlier stages by means of developmental 
study is important; such ‘ descriptions 
enrich our knowledge, but still give us 
only a limited view of the actual events in 
biochemical, physiological and dynamic 
organismic terms. 

The study of specialized embryonic 
structures, both of the developing embryos 
and of apical meristems, has received much 
attention. Embryological types have been 
extensively described, for example, by 
Maheshwari ( 1950 ) and Johansen ( 1950 ). 
The study of embryos and early seedling 
stages are important in connection with 
problems of early axiate development, and 
establishment of cell and tissue patterns. 
Here apical meristems have their origin 
which later control the distribution of 
lateral organs and vascular development. 
Several extensive reviews deal with their 
architecture (Foster, 1939, 1941, 1949; 
Philipson, 1949; Popham, 1951; Johnson, 
1951). There have been a considerable 
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number of experimental-morphological 
investigations, especially with shoot meri- 
stems. The techniques included colchicine 
treatment, puncturing of apical cells, 
incisions isolating parts of the meristem or 
axis, and tissue culture. Much of this 
work has been reviewed by Wetmore and 
Wardlaw ( 1951 ) who have also discussed 
the bearing of these studies on problems 
of pattern, potency, vascular differentia- 
tion, stelar morphology, leaf and bud 
development, phyllotaxy, shoot morpho- 
logy, correlation, regeneration and physio- 
logical fields and organizer effect. 

ATYPICAL GROWTH — Mentioned briefly 
in the introduction, atypical growth com- 
prises various types of growth in which a 
loss or distortion of form are encountered. 
Besides innumerable teratomata of 
genetic or obscure origin, we know insect 
galls, calluses, tumors and galls of bac- 
terial, fungus and chemical origin. Of 
particular interest are those plant neo- 
plasms in which, besides a change in form, 
there occurs an alteration in the physio- 
logy of the affected area so that no return 
to normal growth activities occurs, at 
least not for considerable time. These 
so-called plant “‘cancers’’ have been 
intensely studied by White, Braun, Gau- 
theret, De Ropp, and others, especially 
by means of the tissue culture technique, 
which constitutes a new tool in the 
analysis of physiological factors affecting 
growth (compare Bloch, 1952a ). 

In general, however, form and pattern 
in plants are very stable and form control 
is present at all times, although, compared 
with animal cells, most plant cells are less 
specifically determined and dedifferentiate 
readily under changing conditions in the 
environment and in relation to their 
position. This is demonstrated by the 
various phenomena of regeneration and 
wound healing in which many forms of 
tissue reconstitution, both in embryonic 
and mature regions, are encountered 
( Bloch, 1941, 1952a). Among hundreds 
of apical meristems of Adiantum pedatum 
and Selaginella Willdenovii grown on a 
variety of media, the essential organiza- 
tion and pattern, both external and 


internal, were maintained ( Wetmore, 
in press; see Wetmore & Wardlaw, 
1951). 
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In this survey we have tried to sketch 
briefly ideas and phases which appear 
significant for our concept of plant form 
today. We have traced form from its 
beginning as a static aid in classification 
to Goethe’s dynamic concept, involving 
change in time, and of a character at the 
same time concrete and symbolic. We 
have listed the attempts at either describ- 
ing or explaining this elusive and mys- 
terious phenomenon in more exact terms 
of symmetry, physics and chemistry, and 
have witnessed the growth of typically 
biological concepts in the system of 
developmental mechanics and, more con- 
sciously, in modern organismic biology. 
At the present time there is also consider- 
able interest in the philosophical and ideal 
aspects of plant form. The praise of 
plant form has been sung by many voices 
and in many keys and, to be sure, there 
could not be too many of them. To 
D’Arcy Thompson biological form and 
growth suggested in their regularity and 
lawfulness a reaction which the Pytha- 
goreans might have shown. To others 
the idea of evolution seemed to contain 
all the potential answers to problems of 
morphology. Genic, cytoplasmic and 
environmental factorial interaction, bio- 
chemical micro-structure, the phenomena 
of ontogenetic sequences are all part of 
form development and little known. Thus, 
the contemporary approach to plant form 
offers a multitude of possibilities in which 
the most hopeful aspect is the effort 
toward a synthesis of diverse viewpoints 
and toward overcoming the compart- 
mentalization as expressed in the separate 
ideals of comparative morphological and 
analytical physiological approaches. 

If the relatively brief history of plant 
morphology presents a picture the details 
and intentions of which appear at times 
confusing, we must understand that there 
is some method in this, since form must 
have a relation to whatever novel aspect 
of reality may enter the consciousness of 
man. At the present time both the 
analytical and the more intuitive and 
aesthetic ways are recognized necessary 
partners in dealing with the phenomenon 
of form. The various integrative, or- 
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ganismic and holistic trends in modern 
biology emphasize the necessity of con- 
sidering at all levels and with all available 
methods the organized and formed mani- 
festations of living things, their factorial 
complexities, their laws and their, per- 
haps, simple mystery. In this manner only 
can we hope to avoid one-sidedness and 
to gain an understanding of the problem. 

The phase, when a passing reference in 
the biological laboratory to a factor or 
principle not essentially of a simple 
physical or chemical nature used to cause 
a slight horror, was full of good intentions, 
but it was not a great one. The founders 
of the science of developmental mechanics 
did not exactly take such a narrow point 
of view. Schleiden, Naegeli or Hofmeister 
would have hardly rejected the concept 
of a pluripotent zygote or cell, capable of 
organized growth and guided by its here- 
ditary make-up. These are not simple 
assumptions to start with. Roux himself 
created a terminology of development 
which in a way bears many earmarks of 
present-day organicism in which form is 
considered as an irreducible, qualitative 
and autonomous principle. There are 
some with whom terms such as form and 
especially organization stand in no great 
favour. Their main argument is that a 
word such as organization is only a 
substitute for a multitude of more exact 
though unknown factors, and that, at any 
rate, each of us has one’s own personal 
idea of what organization signifies. One 
may reply that the concept of organiza- 
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tion has itself lost much of its alleged 
“mysticism ” (compare Verworn, 1912), 
especially since modern theoretical physics 
and biology adopted and clarified the 
organismic idea. To be sure, organiza- 
tion, like wholeness, is one of the less 
tangible concepts in physics, and the 
classical standards of measurement do not 
apply to it. It, nevertheless, is a useful 
notion and is being employed with ad- 
vantage like other biological concepts, for 
example, regulation or pattern. There 
are in psychology, aesthetics, ethics and 
religion concepts which in different in- 
dividuals take on a different coloration, 
but nobody doubts that there must be a 
real basis for them. Generally, form may 
denote a visible design, while organization 
may be perceived with the inner eye. 
But the distinction is not sharp, and both 
terms have definite value in referring to a 
peculiar co-ordinated state or behaviour, 
the idea of which is more difficult to 
convey and does not seem quite the same 
when presented in terms of the evergrow- 
ing, and so often unrelated, details of 
cellular physiology and biochemistry. 
We cannot afford to neglect the study of 
factors which lie at the difficult level 
between biochemical and visible and 
changing form. Long and arduous labour 
lies ahead during which new and varied 
hypotheses may arise and vanish. If 
finally a satisfactory understanding of the 
mechanism of organic life should emerge, 
it will no doubt be related to the in- 
escapable phenomenon and idea of form. 


Literature Cited 


ARBER, A. 1946. Goethe’s Botany. Chron. Bot. 


10 : 63-126. 

— 1950. ‘The Natural Philosophy of Plant 
Form.” Cambridge Univ. Press. 

BERTALANFFY, L. von. 1949. ‘ Das biologische 
Weltbild.’”’ Bern. 

BrocH, R. 1941. Wound healing in higher 
plants. Bot. Rev. 7: 110-146. 

— 1943. Polarity in plants. Bot. Rev. 9: 
261-310. 

— 1952a. Wound healing in higher plants. 


Part 2. Bot. Rey. (In’press..) 

— 1952b. Goethe, idealistic morphology and 
science. Amer. Sci. 40 : 313-322. 

CHıLD, C. M. 1941. ‘‘ Patterns and Problems of 
Development.” Chicago Univ. Press. 


Cross, G. L. 1938. A comparative histogenetic 
study of the bud scales and foliage leaves of 
Viburnum opulus. Amer. J. Bot. 25: 246- 
258. 

Foster, A. S. 1928. Salient features of the 
problem of bud-scale morphology. Biol. Rev. 
3 : 123-164. 

— 1929. Investigations on the morphology and 
comparative history of development of foliar 
organs. I. The foliage leaves and cataphyl- 
lary structures in the Horse Chestnut 
( Aesculus Hippocastanum). Amer. J. Bot. 
16 : 441-501. 

— 1932. Investigations on the morphology 
and comparative history of development of 
foliar organs. III. Cataphyll and foliage-leaf 


224 


ontogeny in the black hickory (Carya Buckleyi 
var. arkansana ). Amer. J. Bot. 19: 75-99. 

— 1935a. A histogenetic study of foliar deter- 
mination in Carva Buckleyi var. arkansana. 
Amer. J. Bot. 22: 88-147. 

— 1935b. Comparative histogenesis of foliar 
transition forms in Carva. Univ. Calif. Publ. 
Bot. 19: 159-186. 

— 1939. Problems of structure, growth and 
evolution in the shoot apex of seed plants. 
Bot. Rev. 5: 454-470. 

— 1941. Comparative studies on the structure 
of the shoot apex in seed plants. Bull. 
Torrey Bot. Cl. 68: 339-350. 


— 1949. “ Practical Plant Anatomy.” 2nd Ed. 
New York. 
FREY, A. 1926. Geometrische Symmetriebe- 


trachtung. Flora 120 : 87-98. 
JOHANSEN, D. A. 1950. “ Plant Embryology."” 
Waltham, Mass. 
Jounson, M. A. 1951. The shoot apex in 
gymnosperms. Phytomorphology 1: 188-204. 
Kuster, E. 1925. ‘‘ Pathologische Pflanzen- 
anatomie." Jena. 
Lunp, E. J. & coll. 1947. 
and Growth." 
MAHESHWARI, P. 


““ Bioelectrical Fields 
Univ. Texas Press. 
1950. ‘An Introduction to 


the Embryology of Angiosperms.”" New York. 


MATZKE, P. 1950. In the twinkling of an eye. 
Bull. Torrey Bot. CI. 77 : 222-227. 
NEEDHAM, J. 1942. ‘‘ Biochemistry and Mor- 


phogenesis.’’ Cambridge Univ. Press. 
— 1951. Biochemical aspects of form and 
growth. In ‘Aspects of Form’’. (Ed. L. L. 


WHYTE ) New York. 

Nott, F. 1900. Ueber die Körperform als 
Ursache von formativen und Orientierungs- 
reizen. S. Ber. Ges. Nat. Heilk. Bonn. 

PHıLıpson, W. R. 1949. The ontogeny of the 
shoot apex in dicotyledons. Biol. Rev. 24: 
21-50. 

Pincus, G. & THIMANN, 
hormones ”’ ( Vol. 1 ). 

PLANTEFOL, L. 1948. 
multiples.’’ Paris. 

PopHAM, R. A. 1951. Principle types of vege- 
tative shoot apex organization in vascular 
plants. Ohio J. Sci. 51: 249-270. 

PRAT, H.1948. Histo-physiological gradients and 
plant organogenesis. I. Bot. Rev. 14: 603-643. 


K. V. 1948. 
New York. 
‘ La théorie des hélices 


eee 


PHYTOMORPHOLOGY 


— 1951. Histo-physiological gradients and 
plant organogenesis. Il. Bot. Rev. 17: 693- 
746. 


The geometry of phyllo- 
Soc. Exp. Biol. Sympos. 


RICHARDS, F. J. 1948. 
taxis and its origin. 


2: 217-245. 
SCHOUTE, J.C. 1949. Biomorphology in general. 
Verh. K. Ned. Akad. Wet. Amsterd. Afd. 


Nat. (2) Sect. 46: 1-93. 
Sinnott, E. W. 1935. Evidence of the existence 
of genes controlling shape. Genetics 20: 
12521. 

— 1936. 
shape differences in cucurbit fruits. 
Nat. 70 : 245-254. 

— 1939. A developmental analysis of the 
relation between cell size and fruit size in 
cucurbits. Amer. J. Bot. 26 : 179-189. 

— & Brocn, R. 1941. The relative position of 
cell walls in developing plant tissues. Amer. 
J. Bot. 28: 607-617. 

Snow, M. & Snow, R. 1948. On the determina- 
tion of leaves. Soc. Exp. Biol. Sympos. 2: 
263-275. 

THoMpsoN, D’Arcy W. 1942. 


A developmental analysis of inherited 
Amer. 


‘On Growth and 


Form.’ 2nd Ed. Cambridge Univ. Press. 

TrorLL, W. 1926. ‘Goethe, Morphologische 
Schriften.’’ Jena. 

— 1949. Symmetriebetrachtung in der Bio- 
logie. Studium Generale 2: 240-259. 

— 1951. Die protoplasmatische Organisation. 


Protoplasma 40 : 541-554. 


UNGERER, E. 1926. ‘Die Regulationen der 
Pflanzen.’ Berlin. 
VERWORN, M. 1912. ‘‘ Kausale und kondi- 


tionale Weltanschauung.’ Jena. 
Vo6cuTING, H. 1908. “ Untersuchungen zur 
experimentellen Anatomie und Pathologie 
des Pflanzenkörpers.’’ Tübingen. 
WARDLAW, C. W. 1951. Organization in plants. 
Phytomorphology 1: 22-29. 
WEBER, F. 1930. Protoplasmatische Pflanzen- 
anatomie. Protoplasma 8: 291-306. 
WETMORE, R. H. & Warpraw, C. W. 1951. 
Experimental morphogenesis in vascular 
plants. Ann. Rev. Plant Physiol. 2: 269-292. 
WHITAKER, D. M. 1940. Physical factors of 
growth. Growth Suppl. 4: 75-90. 
ZIMMERMANN, W. 1930. ‘ Die Phylogenie der 
Pflanzen.’ Jena. 


REMARQUES SUR QUELQUES INTERPRÉTATIONS 
DE L’ETAMINE 


PAUL OZENDA 
Faculté des Sciences, Université d’Alger, Algérie 


Introduction 


Dans une étude parue dans le premier 
numéro de Phytomorphology, Parkin 
(1951) a présenté différents cas de pro- 
longement (protrusion) du connectif de 
l’etamine au-delà des loges de l’anthère, 
et recherché la signification que l’on peut 
attribuer à ces faits dans le cadre de 
l'origine phylogénique de l’étamine. Peu 
de travaux ont été consacrés à l’évolu- 
tion de l’étamine, et le caractère de pro- 
trusion du connectif n’avait pas encore 
été envisagé sous cet angle. 

Ayant eu l’occasion d'étudier divers 
aspects de l’évolution des pièces florales 
dans plusieurs publications, et en parti- 
culier d'envisager d’une manière incidente, 
dans un travail plus général ( 1948, pp. 63, 
81, 153 et 155) les caractères primitifs 
de l’étamine dans les groupes de base 
des Angiospermes ( Magnoliacées, Anona- 
cées, Dilléniacées, Schizandracées ) je vou- 
drais revenir ici brièvement sur ce point 

et présenter quelques remarques. 


La Nature morphologique de 
l’etamine 


On connait l'extrême complexité de la 
question de l’origine de la fleur et le 
grand nombre de théories qui se sont 
affrontées sur ce sujet: des exposés 
partiels en ont été faits par H. Bancroft 
(1935), Unruh (1939), Wilson et Just 
(1939 ), Arnal (1945). Les controverses 
ont porté principalement sur l’interpreta- 
tion du carpelle et ont donné lieu à 
d’abondants travaux; j'ai essayé de les 
présenter d’une manière aussi complète 
que possible et de résumer dans un tableau 
(1946, p. 402; 1948, p. 151), à défaut de 
la phylogénie des carpelles, l’enchaîne- 


ment et pour ainsi dire la “ phylogénie ” 
des théories elles-mêmes. Pour l’&tamine, 
les choses sont un peu plus simples; les 
interprétations qui ont été proposées 
peuvent se ramener à trois: 

(A) Une theorie dite classique, qui homo- 
logue l’étamine a une sporophylle portant 
des sporanges marginaux (sacs pollini- 
ques), comme le carpelle serait une 
sporophylle portant des ovules sur ses 
bords. On connait les observations sur 
lesquelles repose cette théorie: passage 
progressif des pièces périanthaires aux 
étamines ches les Nymphéacées; “ réver- 
sion’ de l’etamine en pétale ( pétalodie ) 
dans les fleurs tératologiques; homologie 
possible de l’etamine avec la fronde 
staminale de Benettites, et du carpelle 
avec la fronde ovulifére de Ptéridospermée 
ou la feuille ovulifére de Cycas. En 
revanche, les objections ne manquent pas: 
les Nymphéacées sont peut-être suré- 
voluées et non primitives; la réversion 
tératologique est bien hypothétique; et 
il y a, entre l’étamine des Magnoliales et 
la fronde à microsporanges des Benettita- 
les, un énorme hiatus dans lequel les 
étamines des Gymnospermes plus récentes 
(Cycadales, Conifères) ne trouvent pas 
une place logique. 

(B) Une interprétation tirée de la 
théorie du télome, suivant laquelle l’&tamine 
serait le résultat de la soudure et de la 
réduction de rameaux (télomes) à divi- 
sions dichotomes portant des sporanges 
terminaux, quelque chose comme un 
thalle de Rhynia contracté ( Zimmer- 
mann, 1949; Wilson, 1937). L'existence 
générale de deux loges d’anthere, chacune 
divisée en deux sacs polliniques, et les 
filets bifides de certaines étamines comme 
celle du Tilia, seraient les témoins de 
la dichotomie primitive. Wilson (1942) 
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fait observer que chez diverses familles 
( Dilléniacées pro parte, Ochnacées, Bixa- 
cées, Guttiferacées, Flacourtiacées, Bom- 
bacacées ) les nombreuses étamines sont 
groupées en fascicules et que leurs traces 
libéro-ligneuses s'unissent entre elles, dans 
la profondeur du réceptacle, pour consti- 
tuer sous chaque fascicule un cordon 
commun qui prend la forme d'un faisceau 
concentrique amphicribral avant de se 
réunir à la stèle du réceptacle; il inter- 
prète chacun de ces cordons comme un 
faisceau staminal unique qui se ramifie, 
et le fascicule comme une branche où 
chaque filet a la valeur d'un telome. 
D'ailleurs, on a fait remarquer que chez 
les Psilophytales, qui sont les plus ancien- 
nes plantes vasculaires connues, le sporan- 
ge est toujours terminal, et qu'il semble 
avoir précédé la feuille au cours de 
l'évolution. 

(C) Enfin une interprétation qui con- 
siste à transposer à l’androcee les fhéories 
acarpiques relatives au gynécée. On sait 
que la théorie de l’acarpie ( J. McLean 
Thompson, 1934 ) suppose que le carpelle 
n'a pas de réalité propre; que les diffé- 
rents types de pistil ( supère, infère ) et 
de placentation ( axile, pariétale, centrale ) 
ne peuvent s'expliquer par la soudure et 
la déformation de feuilles carpellaires, 
mais qu'ils résultent simplement d’une 
transformation de l’axe floral accomplie 
suivant des lois particulières à cette 
région du végétal, sans aucune homologie 
possible avec les organes végétatifs. De 
même les étamines ne seraient ni des 
feuilles ni des rameaux transformés, mais 
des ‘organes sui generis” (Grégoire, 
1938; Plantefol, 1948) néoformés sur 
l’axe floral et n'ayant pas la même origine 
histologique que les feuilles et les rameaux 
(ils dériveraient d’une région plus pro- 
fonde de l’axe floral ). 

Dans les deux premières interprétations 
(feuilles modifiées dans la théorie classi- 
que, rameau contracté dans la théorie du 
télome) l’étamine doit être regardée 
comme un organe réduit et il s’agit alors 
d'en déterminer les formes primitives, 
c'est-à-dire les moins réduites. Dans la 
3ème hypothèse par contre, bien que 
toute phylogénie de l’étamine considérée 
comme organe autonome ne soit pas 
inconcevable, la question de la réduction 
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ne se pose pas. Mais de toute façon, on 
conçoit facilement l'intérêt qui s'attache 
à la recherche des formes archaïques de 
l’étamine dans les groupes primitifs d’An- 
giospermes et en particulier dans les 
Magnoliacées et les familles affines. 


Etamine et Androcee chez les 
Angiospermes primitives 


L'étamine des Magnoliacées présente, 
comme le remarque Parkin (1951) deux 
caractères qui peuvent être regardes 
comme primitifs: la présence de trois 
faisceaux libéro-ligneux et le prolonge- 
ment (protrusion) du filet au-delà du 
sommet de l’anthere; caractères qui tous 
deux semblent témoigner effectivement 
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Fic. 1 — Étamines de Magnoliacées. A, 
Liriodendron tulipifera; B, Magnolia lennei; C, 
Magnolia soulangeana; D, Talauma pumila; E, 
Michelia yunnanensis; F, Michelia baillonii 
( étamine unifasciculée ) ( d’après Ozenda, 1948, 
p65); 
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des 


Magnoliales. A, 
Himantandra belgvaveana ; B, Degeneri avitiensis ; 
C, Belliolum haplipus ; D, Schizandra henryi (A, 
B, et C, d’aprés Bailey, Nast et Smith; D, d’aprés 
Ozenda ). 


Fic. 2 — Etamines 


d'un développement autrefois plus im- 
portant de l’étamine. La protrusion du 
filet a déjà été utilisée comme caractère 
systématique: Finet et Gagnepain ( 1902 ) 
( Flore de l’Asie orientale, 4£ mémoire de 
la Soc. Bot. de Fr.) distinguent des 
“ étamines mucronées ”” et “non mucro- 
nées’’; mais ces auteurs ne se sont pas 
occupés de phylogénie. 

Quant à la présence de trois faisceaux, 
caractère signalé auparavant chez Mag- 
nolia et dont Parkin (1951) a vérifié 
Vexistence chez Liriodendron, j'ai indiqué 
(1948, p. 64) sa repartition dans la 
famille: sur 31 espèces que j’ai examinées, 
appartenant aux cinq genres principaux, 
seule une partie des espèces de Michelia 
présentent des étamines unifasciculées ; 
or le genre paraît précisément, pour de 


nombreuses raisons (histologie du bois, 
anatomie nodale, morphologie de la fleur ) 
être le plus évolué. Toutes les autres 
Magnoliacées ont des étamines trifasci- 
culées; chez plusieurs d’entre elles, les 
faisceaux sont ramifiés, le médian l’est 
même plusieurs fois, et se prolonge dans 
le mucron apical où il continue à se rami- 
tier, (Big: 1). 

L’etamine trifasciculée caractérise égale- 
ment deux genres monotypiques dont on 
a fait deux familles distinctes, au voisi- 
nage des Magnoliacées: Himantandra et 
Degeneria (Fig. 2A et 2B). De plus, chez 
les deux, l’insertion des sacs polliniques 
est ventrale et non marginale; enfin, le 
connectif est fortement prolongé au-dela 
de l’anthére chez Himantandra, incom- 
parablement plus que ehez les Magnolia- 
cées, et ce caractére se retrouve chez une 
Wintéracée, Belliolum (Fig. 2C ). 

Un troisiéme caractére, que je considére 
comme primitif, vient s’ajouter aux pré- 
cédents: dans le réceptacle floral des 
Magnoliacées, le faisceau médian de l’éta- 
mine d’une part, et les faisceaux latéraux 
d'autre part, se raccordent à deux systè- 
mes vasculaires indépendants; ces deux 
systèmes forment deux réseaux corticaux 
emboîtés à la manière de deux cylin- 
dres coaxiaux et ils ne s’anastomosent ni 
entre eux, ni avec la stèle principale 
qu'ils entourent. Cet appareil cortical, 
dont la présence est générale chez toutes 
les Magnoliacées ou il s'étend même au 
périanthe et au pistil, existe aussi, à un 
moindre degré et au niveau de l’androcée 
seulement, dans les genres Asimina et 
Calycanthus (Smith, 1928), Dillenia ( Wil- 
son, 1942), Anona et Hibbertia ( Ozenda, 
1949), Paeonia (‘réseau périphérique ” 
de Brouland, 1935 ). Les faisceaux corti- 
caux ont le plus souvent une structure 
concentrique, le liber entourant complete- 
ment le bois. Cet appareil, qui existe a 
son maximum chez les Magnolias et qui 
disparait progressivement lorsqu’on con- 
sidere des apocarpiques à fleurs plus 
évoluées, indique que chez les Magnolias 
les faisceaux staminaux ne sont pas 
encore complètement incorporés à la 
stèle du réceptacle. 

Enfin, j'ai observé dans les étamines 
de Schizandra une nervure ramifiée d’une 
manière assez régulièrement dichotome 
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( Fig. 2D ) et indiqué que cette disposition 
pouvait être regardée comme une sur- 
vivance d’une dichotomie primitive. Ce- 
pendant diverses considérations réduisent 
beaucoup la portée de cet exemple; bien 
que les Schizandracées soient des Magno- 
liales, elles sont bien évoluées par certains 
côtés (structure nodale, dioecie de la 
fleur ); de plus la ramification de la ner- 
vure staminale peut être une simple 
consequence de l’elargissement en tete 
du connectif, caractère probablement dé- 
rivé puisqu'il se manifeste par exemple 
dans des Labiées ( Salvia ) comme le fait 
observer Parkin. 


Discussion 


Que peut-on conclure des faits précé- 
dents? Si l’on veut en dégager un 
archétype de l’étamine, il faut se repré- 
senter celui-ci comme un organe en forme 
de lame lancéolée, recevant trois fais- 
ceaux liberoligneux du réceptacle et 
portant à sa face ventrale (et non sur 
ses bords ou à son extrémité) des sacs 
polliniques partiellement enfoncés dans 
les tissus de la lame. Dans les groupes 
plus évolués, cette lame diminue de 
largeur, se différencie en un filet et un 
connectif et ne contient plus qu’un seul 
faisceau. 

Rien dans tout cela ne s'oppose a 
l'assimilation de l’étamine à une sporo- 
phylle en voie de réduction. On peut 
objecter, 1l est vrai, que rien ne justifie 
d'une manière décisive cette assimilation. 
Mais nous devons alors poser le problème 
de la manière suivante: étant donné une 
théorie classique qui a pour elle beaucoup 
d'arguments anatomiques et paléonto- 
logiques, avons-nous des raisons suffi- 
samment probantes de la rejeter? Et ce 
faisant, ne risquons-nous pas d'introduire 
une complication supplémentaire ? 

Certes, il n’est pas plus difficile d’ad- 
mettre que l’etamine, ou la feuille, ou 
tout organe d’une Angiosperme, dérive 
d'un faisceau de télomes soudés entre 
eux, que d'admettre, par exemple, que 
le corps d’un vertébré supérieur dérive 
d'une chaîne de somites. Mais encore 
faut-il le démontrer autrement que par 
des schémas théoriques. Or, nous n'avons, 
chez les Végétaux, rien de comparable à 
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l’edifice que represente l’anatomie com- 
parée des Vertébrés, où l'on voit, de 
l’Amphioxus aux Mammifères, le deve- 
loppement de la plupart des appareils 
(corde et colonne vertébrale, système 
aortique, encéphale) former une véri- 
table série orthogénétique. Le cas des 
plantes vasculaires est plus obscur. Si 
nous sommes à peu près certains que les 
Mammifères, par exemple, dérivent des 
Reptiles théromorphes, nous ignorons par 
contre de quelles Gymnospermes dérivent 
les Angiospermes. Il est par suite hasar- 
deux de vouloir appliquer a ces dernieres 
les lois de l’évolution des Gymnospermes 
ou des Fougeres ou des Psilophytales, 
surtout lorsqu'il s'agit de l’étamine. 

Car si l’on dispose d’un nombre suffisant 
d'observations pour pouvoir établir une 
synthèse de l’évolution du bois ou de 
celle de la stèle, il n’en va pas de même à 
propos de l’étamine pour laquelle, si l’on 
veut s'en tenir aux faits et non aux 
schémas, on est bien obligé de conveuir 
que précisément nous avons peu de faits 
concrets de nature à éclairer la phylo- 
génie de cet organe. Les étamines des 
diverses Angiospermes sont, en effet, très 
semblables entre elles; çà et là apparait 
une modification d'importance secondaire, 
comme la soudure des anthères chez les 
Composées ou l’adherence aux sépales 
chez les Rosacées: on peut à peine parler 
d'évolution; il y a même une fixité 
apparente, et tout raisonnement qui 
essaye de relier cette étamine aux loin- 
taines sporophylles des Benettitales ou 
des Caytoniales, ou aux structures plus 
lointaines encore des Psilophytes, n’est 
en definitive qu’une extrapolation tres 
aléatoire. Tout au moins doit-on alors 
prendre garde de négliger aucun détail, 
et tenir le plus grand compte de ce que 
nous montrent les étamines des Angios- 
permes primitives dont j'ai rappelé plus 
haut les caractères particuliers, 

Or, l'étude de ces dernières nous montre, 
en contradiction avec la théorie de Wilson: 

1° que les sacs polliniques ne sont pas 
terminaux, mais placés vers le milieu ou 
même ( Himantandra ) à la base du filet 
( protrusion de Parkin ). 

2° que les filets bifides de Tilia, Enal- 
lagma, etc...ne sont que des particula- 
rités existant çà et là dans les plantes 
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évoluées et sans équivalent dans les familles 
primitives (sauf peut-être le cas de 
Schizandra, avec les réserves faites plus 
haut ). 

3° que la soudure des traces libérolig- 
neuses en fascicules chez Dillenia, Hype- 
ricum, etc..., ne prouve pas que chaque 
fascicule est une seule étamine ramifiée, 
car alors il faudrait considérer tout 
l’androcée de Magnolia ou d’ Anona comme 
une étamine unique, d’après ce que nous 
avons vu de l’appareil cortical qui existe 
à ce niveau. Et même si l’on tient à 
attribuer au fascicule staminal d’Hyperi- 
cum par exemple la valeur d’une étamine 
composée, celà n’infirme pas la théorie 
classique car Van Tieghem (1884), en 
décrivant minutieusement ces fascicules 
dans son Traité de Botanique ( pp. 403- 
405) les nomme ‘feuilles staminales 
composées pennées ’’, il figure même d’ad- 
mirables dichotomies chez les étamines 
de Ricinus et d’Althaea. 

De même en ce qui concerne les théories 
acarpiques, les observations sur lesquelles 
Grégoire ( 1938 ) fonde “ l'autonomie mor- 
phologique ” de l’appareil floral ne me 
paraissent pas probantes, car je n’al pas 
vu les differences entre meristeme vege- 
tatif et meristeme floral que cet auteur 
signale chez le Magnolia: bien au con- 
traire, les deux types de developpement 
me paraissent se faire d’une maniere 
étroitement semblable. Je n’ai pu mettre 
en evidence sur ce matériel une participa- 
tion de l’axe à la constituion des pièces 
florales, ni par l'étude ontogenique, ni 
par l’histologie des organes adultes. Il 
est possible toutefois que les choses 
soient différentes dans les familles plus 
évoluées. 

Car rien ne prouve que l’etamine, 
malgré son unité structurale apparente, 
ait la même origine chez toutes les Angios- 
permes. Il est très possible, au con- 
traire, que des convergences soient inter- 
venues. Ici, encore, à défaut de preuve 
directe, nous pouvons nous référer à ce 
que l’on sait aujourd'hui du carpelle. 
On sait par exemple que le stigmate 
des Papaver n’est pas l’homologue de 
celui des Chelidonium ou des Eschscholtzia ; 
que la region placentaire n’a pas la 
m&me valeur dans les diverses familles ;® 
et que même de nombreux faits mont- 
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rent que les ovules peuvent avoir une 
origine differente de celle de la lame 
carpellaire, car ils paraissent provenir 
d’une region plus profonde de l’axe floral 
( Hagerup, Blakeslee et Satina; Plantefol, 
1948 ), leur position sur le carpelle n’est 
pas fixe comme le montre la variété des 
types de placentation, et leurs rapports 
vasculaires avec le carpelle sont incons- 
tants même chez les Magnoliales ( Bailey 
et Nast; Ozenda); enfin dans l’ovule, 
l'unité de structure du gamétophyte, 
dont Schnarf écrivait qu’elle était “le 
principal argument tendant à démontrer 
que les Angiospermes sont monophyléti- 
ques ”, est aujourd’hui très contestée. 
De même dans l’etamine, la position 
des sacs polliniques est très inconstante: 
ventrale, marginale, basale, terminale; 
cette variation n'est-elle pas l’indice d’un 
certain degré d'indépendance entre le tis- 
su sporifere et l’appendice plus ou moins 
foliacé sur lequel il est fixé, peut être 
depuis une époque relativement récente ? 
Une telle indépendance entre sporanges 
et sporophylle n’est pas une pure hypo- 
thèse: elle a existé réellement chez 
diverses Ptéridophytes fossiles ( Ember- 
ger, 1944). 

Jusqu'à maintenant, l’experimentation 
n'a pas pénétré dans ce domaine, sinon 
par le biais des expériences naturelles 
que constituent les faits de tératologie. 
Il n’est pas inconcevable que l’on puisse, 
en modifiant le cours du développement 
de la fleur, obtenir des précisions sur 
l'origine des divers organes, et cela dans 
des conditions presque normales et non 
tératologiques. Grâce aux phéno mènes de 
photopériodisme, on sait induire, arrêter 
ou même faire rétrograder la différen- 
ciation des ébauches florales: on doit 
pouvoir déterminer par exemple le degré 
de différenciation histologique à partir 
duquel la transformation du point végé- 
tatif en primordium floral devient irrévers- 
ible, et en particulier le moment où 
la formation des étamines, qui précède 
toujours celle des carpelles, devient défi- 
nitive. 

Au total, rien de tout cela n’est de 
nature à entrainer une conclusion caté- 
gorique. L'étude de l'étamine ne peut, 
à elle seule, permettre de résoudre le 
problème de sa propre origine, qui est 


230 


du ressort d’une étude plus générale de 
l'origine et de l’évolution de la fleur; 
c'est d’ailleurs d’un raisonnement in- 
direct, lié à cette étude d’ensemble, qu’ 
est sortie la théorie foliaire de l’étamine. 

Mais de toute façon, et sous peine de 
prêter le flanc aux critiques que beau- 
coup de biologistes adressent à la phylo- 
génie, nous ne devons pas oublier que 
celle-ci n'est pas une fin en soi, une 
vérité métaphysique, mais seulement une 
hypothèse de travail dont l’objet principal 
est de rendre plus fécondes les recherches 
de morphologie en leur procurant un fil 
directeur. Une théorie phylogénique n'est 
pas vraie ou fausse, elle est semblable à 
ces principes de mathématiques ou de 
physique qu'à défaut de démonstration 
directe on tient pour satisfaisants aussi 
longtemps qu’ ils restent, eux et leurs 
conséquences, en accord avec les faits 
connus. | 


Resume 


L'auteur passe en revue: (a) les prin- 
cipales théories relatives à l’origine phylo- 
génétique de l’étamine; (b) l'incidence 
sur ces théories des observations effec- 
tuées sur les Angiospermes les plus 
primitives. L’etude de ces dernières 
montre: (1) une présomption en faveur 
de la théorie classique, ou tout au moins 
l'absence de faits infirmant cette théorie 
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d’une manière significative; (2) la possi- 
bilité d'un large degré d’indépendance 
entre l’origine de la partie stérile de 
l’étamine et celle du tissu sporogène; 
(3) la nécessité de placer la question dans 
le cadre général de la phylogénie de la 
fleur, aucune conclusion décisive ne pou- 
vant être dégagée de la seule étude de 
l’étamine à moins que la découverts de 
types nouveaux, vivants ou fossiles, ne 
vienne combler les lacunes actuelles. 


Summary 


The author reviews the principal 
theories on the phylogenetic origin of 
the stamen and the significance in this 
connection, of his own observations made 
on the most primitive angiosperms. À 
study of the latter fends to support the 
classical theory and in any case yields 
no significant facts to invalidate it. It 
also suggests the possibility that there 
might have existed a considerable degree 
of independance between the origin of 
the sterile part of the stamen and that 
of the sporogenous tissue. The whole 
question must be treated as part of the 
general problem of the phylogeny of the 
flower, for no decisive conclusions can 
be drawn from a study of the stamen 
alone, unless the discovery of new types, 
either living or fossil, permits a filling of 
the existing gaps. 
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CONTRIBUTIONS TO THE EMBRYOLOGY OF 
COMBRETACEAE: I— POIVREA COCCINEA DC. 


J. VENKATESWARLU 
Andhra University, Waltair, India 


Our knowledge of the embryology of 
Combretaceae is very limited. Long ago, 
Karsten ( 1891) made a few observations 
on the ovule and embryo sac of Lumnitzera 
racemosa. Fifty years later, Mauritzon 
( 1939 ) considered this work ‘ not exhaus- 
tive ’ and made a close study of two species 
of Combretum, namely C. paniculatum and 
C. pincianum, and described an extensive 
cuplike growth of the chalaza and forma- 
tion of a tetrasporic 16-nucleate embryo 
sac. He also made a few fragmentary 
observations on Terminalia arjuna, T. 
australis, T. suaveolens, T. tomentosa and 
Quisqualis indica and attributes the in- 
completeness of his account to the 
difficulty of sectioning the ovaries. He 
found an undoubtedly 8-nucleate embryo 
sac in Terminalia and Fagerlind (1941) 
demonstrated the same in Quisqualis 
indica. 

As the above is practically all the 
information we have at present on the 
embryology of the family and as many 
features like the structure and develop- 
ment of the anther, pollen, endosperm 


and embryo are unknown, it appeared 
that a further detailed investigation of this 
family was desirable. 

The present paper deals with Posvrea 
coccinea DC. (Combretum coccineum Lamk.), 
a pretty climber. cultivated in gardens. 
It bears luxuriant, dark green, glossy 
leaves and produces flowers which form 
compact brushlike flat sprays of brilliant 
scarlet colour. 


Materials and Methods 


The material was provided by Mr. 
AU Chacko; Principal; Re kK. Collese: 
Kakinada, from plants cultivated in his 
gardens and was fixed in formalin-acetic- 
alcohol and Nawaschin’s fluid by Mr. 
G. Sreeramamurty of the same college. 
I am indebted to both of them for their 
kind help. Customary methods of de- 
hydration and infiltration were followed 
and sections were cut 10-14 in thick- 
ness and stained with Delafield’s haema- 
toxylin. 


Fics. 1-7 — Fig. 1, 
periclinally. x 465. 
x 465. 


mother cells and 4 wall layers. x 690; 465. 
Fig. 6, older 2-nucleate pollen grain. 1400. 


1400. 


ridged and grooved exine. 


Microsporogenesis and Male 
Gametophyte 


There are ten stamens, in two whorls, 
attached to the calyx tube and inflexed 
in bud. The anthers are four-lobed. A 
single hypodermal row of archesporial 
cells is differentiated in each anther lobe 
(Fig. 1). Very soon it divides periclinal- 
ly and forms an outer primary parietal 
layer and an inner primary sporogenous 
layer. 

The primary parietal layer by further 
divisions gives rise to four layers of cells 
(Figs. 2, 3) of which the outermost 
develops into the fibrous endothecium 
and the innermost into a secretory 
tapetum. The two middle layers become 


ls. anther lobe showing primary archesporium; two cells have divided 
Fig. 2, t.s. anther lobe showing two parietal layers and sporogenous tissue. 
Figs. 3, 4, Ls. portions of anther lobes at different stages of development showing pollen 


Fig. 5, young 2-celled pollen grain. x 1400. 
Fig. 7, polar view of entire pollen grain with 


crushed and absorbed. Some cells of the 
anther wall as also of the filament contain 
druses. At places the tapetum is two- 
layered ( Fig. 4). Its cells, at first uni- 
nucleate, become two-nucleate by the 
time the pollen mother cells are in the 
first meiotic division. 

The primary sporogenous cells divide 
to form a mass of microspore mother cells 
( Figs. 2, 3) which undergo the two 
meiotic divisions in a simultaneous man- 
ner. Cytokinesis is by furrowing. Pollen 
tetrads may be tetrahedral or bilateral. 

The pollen grains are two-nucleate at the 
time of shedding (Fig. 6). At first a 
small lenticular generative cell is organized 
but later the curved wall separating it 
from the vegetative cell disappears 
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( Figs. 5, 6) as in many other Myrtiflorae 
(Joshi & Venkateswarlu, 1936: Ven- 
kateswarlu, 1937; Subramanyam, 1942 ). 
The exine shows six grooves and six 
ridges but there is no sculpture of its 
surface (Fig. 7). There are 3 germ 
pores situated in alternate grooves. The 


mature pollen grain measures about 18 
Dye 212. 
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Ovary, Ovule and Embryo Sac 


The ovary is inferior and uni-locular. 
On the outside it is a little angular and 
bears pointed thick-walled unicellular hairs 
( Figs. 8, 9, 18). Druses are abundant in 
the cells of the ovary wall. 

Usually there are three anatropous 
bitegmic ovules in each ovary suspended 
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Fics. 8-19 — Fig. 8, Ls. young flower, note thick-walled unicellular hairs on inner side of 


the calyx and on surface of ovary. x 48. 
30: 
with advanced embryo and endosperm. X 48. 


showing obturator cells, micropyle and Br part of nucellus. x 125. 
x 12h 
between the integument insertion region and chalazal cup. x 125. 


showing knee-shaped bend of the funicle. 


Fig. 13, ls. upper part of fertilizable 


Fig. 9, 1.s. young ovary with two very young ovules. 
Figs. 10, 11, l.s. young and mature ovules respectively. x 72. 


Fig. 12, 1.s. old ovule 
ovule 
ovule 
point 
Fig. 17, Ls. wall of ovule 


Fig. 14, Ls. 
Figs. 15, 16, ls. wall of ovule at a 


above transition region (7.7. inner integument; 0.2. outer integument; #.ep. nucellar epidermis; 


5 i : i.e. innermost layer of the chalazal tissue). x 125. | 
nat . Fig. 19, t.s. basal part of ovule with the vascular 


showing two funicles and obturator cells. x 72. 
bundle and its branches. x 72. 


Fig. 18, t.s. ovary 
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Fics. 20-26 — Fig. 20, ls. ovule showing multicellular archesporium. x 420. Figs. 21, 
22, l.s. ovule showing single megaspore mother cell and two megaspore mother cells respectively 
with two parietal cells above them. x 420. Fig. 23, ls. nucellus” with elongated megaspore 


mother cell and periclinally divided nucellar epid 


mother cell. 


ermis. X 420. Fig. 24, Meiosis I in megaspore 
x 420. Fig. 25, Ls. nucellus showing linear tetrad with parietal tissue and nucellar 


cap. x 420. Fig. 26, T-shaped tetrad of megaspores. x 420. 


on long funicles but reach different levels 
as the funicles are not of the same length. 
In early stages each of the integuments is 
2-3 cells in thickness ( Fig. 10) but in 
fertilizable ovules the outer is approxi- 
mately 5-layered and later becomes 7 or 
8 cells thick. The inner thickens only 
in its club-shaped apical part (Fig. 13). 
The micropyle which is formed by both 
integuments has a somewhat zigzag outline 
( Pigs. 14,13). 


The primary archesporium in the ovule 
is differentiated when the integument 
initials begin to appear. It consists of 
many hypodermal cells which stain deeply 
and fill the apex of the nucellus ( Fig. 20 ) 
Usually, however, only one of them 
develops further ( Fig. 21). This divides 
periclinally to form a primary parietal 
cell and the megaspore mother cell. 
Occasionally two archesporial cells have 
been found to develop ( Fig. 22). 
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Fics. 27-34 — Figs. 27, 28, l.s. upper part of nucellus with 4-nucleate embryo sacs, a part 


of the parietal tissue is crushed in the older ovule. X 260. 
Fig. 30, upper part of embryo sac with egg apparatus (showing an egglike synergid ) 
Figs. 31, 32, double embryo sacs. X 120. 
showing embryo and chalazal and micropylar endosperm accumulations. X 45. 


x 260. 
and two polar nuclei. x 415. 


Fig. 29, a fully developed embryo sac. 


Fig. 33, embryo sac 
Fig. 34, upper 


part of embryo sac with advanced embryo; cell formation has taken place in endosperm. X 45. 


The parietal cell divides periclinally and 
anticlinally to form an extensive parietal 
tissue above the megaspore mother cell. 
Simultaneously, the nucellar epidermis 
in the micropylar part also undergoes 
periclinal divisions and forms a nucellar 
cap lying over the parietal tissue. As 
a consequence, the megaspore mother cell 
becomes deep-seated ( Fig. 23). Itslower 
end reaches almost to the basal part of 
the nucellus. A linear or T-shaped tetrad 
of megaspores is formed (Figs. 25, 26). 
The chalazal megaspore functions, At 


this stage the nucellar cap is about 4 or 
5 cells thick and the parietal tissue about 
9 or 10 cells thick. After three successive 
free nuclear divisions the functional mega- 
spore produces an 8-nucleate embryo sac 
with the usual organization ( Figs. 27-29 ). 


The egg is flask-shaped with its nucleus 
and most of the cytoplasm in the basal 
part and the large vacuole above. The 
synergids are hooked and show a filiform 
apparatus in their apices (Fig. 29). ° 
Their apical parts persist for a long time 
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( Figs. 37, 39, 47, 52). The polar nuclei 
meet somewhere in the middle of the 
embryo sac but the secondary nucleus 
moves up to a position just below the egg 
apparatus. There are three ephemeral 
antipodal cells. One embryo sac showed 
an egglike synergid which was provided 
with a hook like that of a typical synergid 
but had no filiform apparatus. 

During the course of development of the 
embryo sac, there is a pronounced growth 
of the chalaza. Up to about half the 
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height of the ovule its wall is constituted 
by the chalaza (Fig. 11) and in older 
stages ( Fig. 12) the chalazal cup extends 
to about two-thirds of the height of the 
ovule. The embryo sac crushes most of 
the parietal tissue above it and its micro- 
pylar end abuts on the nucellar cup. Its 
lower part penetrates into the chalazal 
cup (Fig. 11). As a consequence of this 
extensive growth of the chalaza the region 
of the ovule from which the integuments 
take their origin becomes carried up so 


Fies. 35-52 — Figs. 35-51, various stages in develo 
embryos developed in same embryo sac, x 260. 


pment of embryo. x 260. Fig. 52, two 
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as to extend a considerable distance above 
the basal part of the ovule ( Figs. 11, 12 ). 
Fig. 15 illustrates the structure of the 
wall of the ovule in this region in detail. 
The lower end of the two-layered inner 
integument ( 2.7.) is easily made out. The 
nucellar epidermis is recognized by its 
richly protoplasmic rectangular cells with 
occasional periclinal divisions and can be 
traced upwards to the top of the nucellus 
where it merges into the many-layered 
nucellar cap. The summit of the chalazal 
cup is made up of thin-walled small cells 
and these are immediately in contact 
with the basalmost cells of the nucellus 
and the integuments. 

The vascular bundle supplying the 
ovule branches into a number of strands 
on reaching the basal part of the ovule 
and these strands travel up into the 
chalazal cup, reaching up to the integu- 
ment insertion region and terminating 
in the small-celled region situated there. 
Fig. 16 illustrates the structure of the wall 
of an older ovule in the transitional region, 
i.e. between the point of origin of the 
integuments and the place of termination 
of the conducting strands. In the lower 
part are seen the epidermis, 3 or 4 layers of 
walls and the conducting strand. Border- 
ing on the inner side of the latter is a layer 
of thick-walled cells which istheinnermost 
layer of chalazal tissue (7.c.). Between 
this and the wall of the embryo sac are 
a few layers of nucellus cells which persist 
in the seed and give rise to a small amount 
of perisperm. Fig. 19 is a transverse 
section of the lower part of the ovule 
showing the branches of the vascular 
bundle. 

Karsten ( 1891 ) mentions the presence 
of vascular bundles in the integuments of 
Lumnitzera racemosa and Netolitzky (1926) 
writes the same about Terminalia glabrata. 
It is probable that in these two genera 
also there is an extensive chalazal growth 
described by me in Poivrea and by Maurit- 
zon ( 1939 ) inCombretum. A comparative 
study of the development of the ovule in 
other genera of the family is clearly 
desirable. 

Usually a single embryo sac is developed 
in an ovule of Poivrea. However, two 
cases of ovules with twin embryo sacs 
were met with (Figs. 31, 32). Unfortu- 


VENKATESWARLU — EMBRYOLOGY OF POIVREA COCCINEA DC. 


237 


nately all the nuclei of the embryo sacs 
were not seen. The upper of the two 
embryo sacs in Fig. 31 shows only the 
egg apparatus cells ( or parts thereof ) and 
a single nucleus (probably the upper 
polar nucleus) while the lower embryo 
sac shows only the egg and the three 
antipodal cells. In Fig. 32 the upper 
and smaller embryo sac shows the egg 
and a single polar nucleus while the lower 
larger sac shows the two polar nuclei and 
the three antipodal cells. It is not 
possible to be certain whether the twin 
embryo sacs in Figs. 31 and 32 had arisen 
irom two megaspores of the same or two 
separate tetrads. 


Fertilization 


The pollen tubes enter the ovule through 
the micropyle and fertilization is porogam- 
ous. The long funicles are lined by large 
papillate cells with rich protoplasmic 
contents (Figs. 10, 11, 13, 18). These 
cells apparently serve to conduct and 
nourish the pollen tubes and perform the 
role of an obturator. In some cases the 
funicle takes a knee-shaped bend so as to 
bring the cells in close proximity to the 
micropyle ( Fig. 14). A similar “ obtura- 
tor ”” has also been described in Combretum 
( Mauritzon, 1939 ) and Quisqualis ( Fager- 
lind, 1941). 


Endosperm 


The endosperm is of the nuclear type. 
There is a dense chalazal and a less 
conspicuous micropylar accumulation of 
the cytoplasm and endosperm nuclei in 
the embryo sac. Both the groups are 
connected by a thin cytoplasmic bag with 
a few endosperm nuclei. On the whole 
the endosperm is rather poorly developed 
and cell formation takes place only in 
advanced stages of seed development 
(Big 734.) 


Embryo 


The first division of the zygote, which 
is transverse, takes place only after the 
formation of a few endosperm nuclei. 
The terminal cell ca of the two-celled 
proembryo (Fig. 35) divides by an 
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oblique wall into two juxtaposed cells 
which are unequal. The smaller of these 
divides once and forms two cells. The 
larger divides by a diagonal wall and 
forms two daughter cells of which the 
upper is triangular in form. The latter 
is the epiphyseal initial e ( Figs. 36-38 ) 
while the sub-epiphyseal cells produced 
from ca are designated as g. Simul- 
taneously with the course of events 
described above, the basal cell cd of the 
two-celled proembryo divides transversely 
and forms two superposed cells cz and m 


( Fig. 36). At this stage the proembryo 
‘is 6-celled. Next, the middle cell m 
divides longitudinally, and cz divides 


transversely giving rise to two superposed 
cells n and n’ (Fig. 38). Sometimes the 
wall that separates the middle cell (m) 
from the terminal cell is very diagonal 
and in one such case the former was 
found to divide transversely ( Fig. 39). 
The cell n’ also further divides transversely 
and gives rise to two superposed cells o 
and p (Fig. 40). 

The segmentation in the various cells 
of the proembryo is as follows. The 
epiphyseal initial e divides first by a 
longitudinal wall ( Figs. 41, 42) and the 
three sub-epiphyseal cells divide by ver- 
tical or oblique walls. Periclinal divisions 
take place in the daughter cells resulting 
in the differentiation of epidermal initials 
in the tier g. The inner cells of this tier 
divide further. The derivatives of the 
epiphyseal initial form a group of cells, 
which are distinct from the derivatives of 
the sub-epiphyseal cells and later give 
rise to the stem apex. The derivatives 
of the sub-epiphyseal cells form the 


cotyledons. The epiphyseal region, how- 
ever, loses its identity in advanced 
stages. 


The middle cell m undergoes two 
longitudinal divisions at right angles to 
each other giving rise to four circumaxial- 
ly arranged cells. The first of these 
divisions is completed much earlier than 
the formation of n and n’ from ci (Fig. 37). 
Dermatogen differentiation takes place 
following periclinal divisions in the four 
cells ( Figs. 41-43). The hypocotyl arises 
from the derivatives of this tier and a 
differentiation of histogenic layers in this 
region takes place just before the coty- 
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ledonary protuberances appear in the 
embryo ( Figs. 47-51). 

The cell ci divides transversely to form 
two cells, # and n’, after m undergoes the 
first division (Fig. 38). The cell n 
divides twice by vertical walls. In the 
resulting four circumaxially arranged cells 
dermatogen initials are differentiated fol- 
lowing periclinal divisions (Fig. 44). 
The derivatives of this tier form the major 
part of the root. The cell »’ undergoes 
a transverse division giving rise to two 
superposed cells o and p (Fig. 40) of 
which the former divides transversely 
(Fig. 42). The daughter cell towards 
the embryonal mass divides by a vertical 
wall and its daughter cells divide by 
tangential walls. The cells formed to- 
wards the inside complete the root apex 
while those formed to the outside give 
rise to the root cap. , 

The lower daughter cell derived from 
the first transverse division of o adds to 
the suspensor the greater part of which is 
formed by the cells derived from p. The 
suspensor is short and about 2 or 3 cells 
broad ( Figs. 46-50 ). 

The embryo enlarges very much in size 
and in the mature seed destroys the 
whole of the endosperm and the nucellus 
except for a few nucellar cap cells above 
and some cells lying between the embryo 
and the wall of the ovule in the region 
formed by the chalaza. The nucellar 
epidermis also persists up to an advanced 
stage of the embryo development. 

From the above it is clear that in Poivrea 
the embryo proper is formed from the 
derivatives of both the terminal and 
basal cells (ca and cb) of the two-celled 
proembryo. Therefore, the development 
may be considered to come under the 
Asterad type. Further a suspensor is 
formed and an epiphysis is differentiated. 
Both these features characterize the 
Erodium variation of the Asterad type 
( Johansen, 1950). 

Usually only one of the ovules in an 
ovary develops into a seed while the rest 
degenerate and disappear ( Fig. 12). In 
one abnormal ovule two embryos were 
found in the same embryo sac ( Fig. 52) 
both lying at the micropylar end of the 
embryo sac. One of the embryos was 
smaller than the other and gave the 
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appearance of a synergid embryo. How- 
ever, since the apices of the synergids were 
found persisting in the embryo sac, the 
extra embryo is presumed to have arisen 
from nucellar cells. 


Discussion 


The ovule of Poivrea closely resembles 
that of Combretum and Quisqualis ( Maurit- 
zon, 1939; Fagerlind, 1941) in both 
structure and development. The embryo 
sac is of the Polygonum type as in 
Quisqualis and from the fragmentary 
information available in the accounts of 
Mauritzon (1939) and Karsten (1891), 
Terminalia and Lumnitzera also seem to 
conform to the Polygonum type. Maurit- 
zon (1939) described the formation of 
a 16-nucleate embryo sac of the Peperomia 
type in two species of Combretum (C. 
pincianum and C. paniculatum). The 
development is, however, more in accord 
with the Penaea type to which it has 
already been referred by Maheshwari 
(1950). Potvrea is, sometimes, treated 
as a sub-genus of Combretum ( Hooker, 
1397) and the difference in the type of 
the embryo sac between Poivrea and 
Combretum favours the erection of the 
former as a genus distinct from Combretum. 
Probably an investigation of further 
species of Combretum would bear out the 
above conclusion. It is interesting to 
note that the embryo of Potvrea coccinea 
is of the Asterad type which is also true 
of the Thymelaeaceae ( Souèges, 1942; 
Venkateswarlu, 1947a & 1947b ), a family 
which is believed to be closely related to 
the Combretaceae on anatomical as well 
as taxonomical grounds. Hutchinson’s 
(1926) separation of the Thymelaeaceae 
and Combretaceae into two distinct orders, 
namely Thymelaeales and Myrtales, is, 
therefore, open to doubt and it seems best 
to keep the two families together as done 
by the older systematists. Such a con- 
clusion is further supported by the 
circumstance that the extensive chalazal 
growth of the ovule described in Porvrea 
and Combretum also occurs in Phaleria 
capitata, a member of the Thymelaeaceae 
(Mauritzon, 1939). Both these families 
also possess an obturator, although of 
different origin, 
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Summary 


The anther of Poivrea coccinea shows 
4 wall layers under the epidermis of which 
the outermost is the fibrous endothecium 
and the innermost is the secretory tapetum. 
The two divisions in the pollen mother 
cell are simultaneous and cytokinesis 
is by furrowing. Pollen tetrads are isobi- 
lateral or tetrahedral. The mature pollen 
grain is binucleate and triporate. Its exine 
shows 6 alternating grooves and ridges. 

Usually there are three pendulous, 
anatropous, crassinucellate and bitegmic 
ovules in each ovary. The micropyle is 
zigzag and is formed by both integuments. 
The micropylar part of the ovule shows 
a many-layered nucellar cap derived from 
divisions of the nucellar epidermis and an 
extensive parietal tissue is developed. 
The chalaza grows up in a cuplike manner 
and forms the greater part of the wall of 
the ovule. The basal part of the nucellus, 
i.e. the integument insertion region, thus 
comes to lie a considerable distance above 
from the base of the ovule. The vascular 
bundle of the funicle branches into a 
number of conducting strands which 
travel up into the wall of the chalazal 
cup and terminate just below the integu- 
ment insertion region. Only one of the 
ovules develops into a seed. 

There is a multicellular archesporium 
in the ovule but usually only one cell 
grows further. A parietal cell is cut off 
and undergoes repeated divisions. The 
megaspore tetrads are linear or T-shaped. 
The chalazal megaspore functions and 
gives rise to an 8-nucleate embryo sac. 
The synergids are hooked and show a 
filiform apparatus in their apices. Their 
upper parts persist for along time. Two 
cases of twin embryo sacs were noted. 

Fertilization is porogamous. The long 
funicles are studded with papillate cells 
with dense protoplasmic contents func- 
tioning as an obturator. 

The endosperm is nuclear. Cell forma- 
tion takes place in late stages. The endo- 
sperm is consumed by the embryo. 

The embryo development corresponds 
to the Asterad type. 

The embryo sac of Poivrea serves to 
distinguish this genus embryologically 
from Combretum under which Poivrea is 
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sometimes included as a sub-genus. The 
embryo development supports a close 
relationship between Thymelaeaceae and 
Combretaceae which is recognized for a 
long time also on anatomical and taxo- 
nomical grounds. Such a conclusion is 
further supported by the occurrence of an 
extensive growth of the chalaza in the 
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ovules of Combretaceae and in Phaleria 
capitata, a member of Thymelaeaceae, as 
also by the formation of an obturator in 
members of both families. 

I wish to express my cordial thanks to 
Prof. P. Maheshwari for kindly going 
through the manuscript and making 
helpful suggestions. 
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THE EFFECT OF ISOLATING THE APICAL MERISTEM IN 
ECHINOPSIS, NUPHAR, GUNNERA AND PHASEOLUS 


C. W. WARDLAW 
Department of Cryptogamic Botany, University of Manchester, England 


Introduction 


À simple technique which has yielded 
data on morphogenesis of considerable 
interest and importance consists in isolat- 
ing the apical meristem of vascular plants 
from the adjacent lateral organs and 
tissues by three or four vertical incisions. 
This procedure also has the effect of sever- 
ing the incipient vascular tissue; the iso- 
lated apical meristem is thus seated on a 


plug of pith parenchyma and must obtain 
all its nutrition through that tissue. 
When the apical meristem in selected 
eusporangiate and leptosporangiate ferns 
and in species of Primula and Lupinus 
was thus isolated, it continued to grow 
and gave rise to a short vasculated shoot 
in which the normal morphological-ana- 
tomical pattern was soon reconstituted. 
It was thus demonstrated (i) that the 
apical meristem, if given adequate nutri- 
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tion, is a self-determining morphogenetic 
region, (ii) that it is primarily responsible 
for the organization of the vasculated 
leafy shoot, and (iii) that its histological 
pattern per se is not important in deter- 
mining that organization. Both in ferns 
and flowering plants, the outline of the 
vascular tissue of the new axiate growth, 
as seen in transverse section, was found 
to conform with the outline of the plug 
isolated by the incisions. The experi- 
mental materials also yielded clear evi- 
dence that the inception of vascular tissue 
was due to basipetal effects ‘proceeding 
from the apical meristem. The leaf 
primordia, which in due course arose on 
the new shoot, were in approximately 
normal phyllotactic continuity with those 
of the parent shoot (see Wetmore & 
Wardlaw, 1951, for a full review of the 
relevant literature). The experimental 
findings for ferns and flowering plants, 
although thus far limited to a few species 
only, are so closely comparable as to 
suggest that they may have a general 
application. The purpose of the present 
study was to widen the field of enquiry. 
Accordingly, a brief account is now given 
of the results observed when the same 
technique was applied to the apices of 
species of Echinopsis, Nuphar, Gunnera 
and Phaseolus. 


Observations 


When the apices of the species indicated 
above were laid bare and isolated by 
three or four vertical incisions, the 
results on further growth were in close 
agreement with those already obtained. 
Here only the data for Echinopsis and 
Nuphar need be considered in detail as 
affording confirmatory records and reveal- 
ing some new points of interest. 

In Echinopsis multiplex, a subspherical, 
ribbed cactus, the shoot apex is situated 
at the bottom of the deep central cavity 
and is protected by a hairy investment. 
Accordingly, it is necessary to cut away 
the top of the plant to gain access to the 
apex (Fig. 6). The latter is of large 
size, the slightly convex meristem being 
surrounded by numerous leaf primordia. 
As Fig. 1 shows, the tunica consists of 
several layers of small meristem cells, 
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the corpus develops into a wide pith, and 
incipient (or prevascular ) tissue can be 
observed below the tunica and quite 
close to the most distal group of cells. 
When such apices were isolated by four 
incisions, they continued to grow and 
each gave rise to a small spherical plant, 
quite similar to the normal lateral plant- 
lings. In the specimen illustrated in 
Figs. 6 and 7, a large apex was isolated 
by four incisions, divided into two parts 
by a light cut, and one half destroyed by 
gentle pressure. The small symmetrical 
plant, which eventually developed ( Figs. 
6, 7), was thus formed from half of the 
apex. When this specimen was sectioned 
transversely, the vascular tissue was 
found to be continuous from the parental 
plant through the narrow neck of the 
tissue into the new plant. 

The wide stele of the parent plant, 
(Fig. 2) consisting of a ring of vascular 
strands surrounding a central pith with 
accessory medullary strands, became 
greatly reduced in size and somewhat 
asymmetrical in and above the narrow 
neck, ie. in the region of the incisions 
at the base of the new axiate growth 
( Figs. 4, 5), but widened out again and 
became completely symmetrical as the new 
plant increased in size. This stele of the 
new plant, though of considerably smaller 
size than the parental stele below, was 
closely comparable with that of one of the 
lateral plantlings shown in Fig. 7. There 
was also evidence of bud formation at the 
base of the new growth ( Figs. 4, 5), a 
development which was no doubt conse- 
quent on a reduction in, or removal of, 
the physiological dominance of the apex 
during the period immediately following 
the operation. Such buds were localized 
on one side and remained small in size. 

These experimental results thus con- 
firm earlier findings, i.e. that the apex, 
suitably nourished from below, is a self- 
determining region, and that part of the 
meristem is capable of regenerating into 
a new plant. As the prevascular tissue 
at the apex of Echinopsis multiplex is - 
relatively deep-seated, underlying some 
8-10 layers of cells ( Fig. 1), and as rela- 
tively shallow incisions were made, it 
seems probable that the prevascular 
tissue was not severed by the operation, 
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If so, the new column of vascular tissue, 
though limited in size by the initially 
limited development of the isolated meri- 
stem, would be in normal continuity with 
the parental vascular system except on 
that side where half of the meristem had 
been destroyed. 

The large apex of Nuphar luteum is 
readily accessible. In this species pre- 
vascular tissue cannot be observed close 
in the apical region but a ring of vascular 
strands, with accessory medullary strands, 
can be observed lower down. When 
apical meristems were isolated by three 
incisions above the leaf axils, regeneration 
took place. Towards the base of the 
isolated plug some of the irregularly dis- 
posed medullary vascular strands could 
be observed ( Fig. 8), but higher up, in 
the region of new growth, these strands 
faded out and the cross-sectional pattern 
consisted of concentric tissue zones con- 
forming with the triangular outline of 
the plug (Fig. 9). Still higher up, in a 
specimen fixed at an early stage of re- 
generation, with only one new leaf pri- 
mordium in evidence, a ring of prevas- 
cular tissue could be distinguished. This 
ring consisted of cells with abundant 
cambiform divisions; it was surrounded 
by a narrow cortex and it enclosed an 
incipient pith. 

Isolated apices of Gunnera scabra and 
G. manicata yielded somewhat comparable 
data, while in Phaseolus multiflorus the 
relevant observations were confirmatory 
of those obtained by Ball (1952) using 
Lupinus albus. 

Information on the effect of isolating 
the apical meristem from the lateral 
organs and tissues had already been 
obtained for eusporangiate and lepto- 
sporangiate ferns ( Angiopteris, Osmunda, 
Todea, Dryopteris and Pteridium ) and for 
Lupinus and Primula among angiosperms 
( Wetmore & Wardlaw, 1951). The sur- 
vey has now been extended to Nuphar 
( Nymphaeaceae ), Gunnera ( Halorrha- 
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gaceae ), Phaseolus ( Leguminosae ) and 
Echinopsis (Cactaceae ). In all of these 
the isolated shoot apex has shown itself 
to be capable of continued growth as a 
result of which a new, vasculated leafy . 
shoot has been formed. While these 
studies could obviously be extended, 
enough has now been ascertained, together 
with the confirmatory data obtained 
from culturing isolated apices (see Wet- 
more & Wardlaw, 1951, for a resume of 
the literature), to show that the main 
results indicated in the Introduction have 
a general application. By extending the 
method to new materials, selected be- 
cause of their possession of some parti- 
cular morphological or anatomical feature, 
it is certain that new and interesting data 
can be obtained. It would obviously be 
of great interest to apply the method to 
the apices of monocotyledons and cycads. 
But there is also scope and need for 
observations of another kind. Thus far 
the method has been used to test certain 
leading ideas in plant morphology, but it 
could also be used to obtain quantitative 
data on morphogenetic processes and, for 
the future, this seems to be an avenue 
well worth further investigation. 


Summary 


The method of isolating the shoot 
apical meristem in vascular plants from 
the adjacent lateral organs and tissues 
has been extended to a number of angio- 
sperms. The ensuing morphogenetic deve- 
lopments were in close agreement with 
those already recorded, i.e. the isolated 
apical meristem continues to grow and 
behaves as the primary morphogenetic 
region, determining the organization of 
the vasculated leafy shoot to which it 
gives rise. 

The writer has pleasure in acknowledg- 
ing the help received from Mr. E. Ashby 
in microscope preparations and photo- 
graphic illustrations. 
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Mies. 1-3 — Fig. 1, Echinopsis multiplex, longitudinal median section of a large shoot apex, 
showing the many-layered, small-celled tunica, the incipient vascular tissue, and the pith. Very 


young leaf primordia are present on the flanks of the apex. x 225. Fig. 2, Echinopsis multiplex, 
vascular system of the large experimental plant shown in Fig. 6. x 10. Fig. 3, Echinopsis 


multiplex, cross-section of the experimental plant shown in Fig, 6, near the base of the incisions; 


compare with Fig. 2. x 10, 
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Fics. 4-9 — Figs. 4, 5, Echinopsis multiplex, two sections successively higher up in the new plant regenerated 
from the isolated apical meristem; some lateral buds are present on the left. x 10. Figs. 6, 7, Echinopsis multiplex, 
two stages in the regeneration of an isolated apex; in Fig. 7 the new growth closely resembles one of the normal lateral 
plantlings. Fig. 3, Nuphar luteum, transverse section taken near the base of an apical plug which had been isolated by 
three vertical incisions; the vascular ring and medullary strands of the normal shoot can be seen, some medullary strands 
being present in the base of the isolated plug. x 25. Fig. 9, Nuphar luteum, as in the previous experiments, but higher 
up in the region of new growth. The tissues, which comprise incipient cortical, vascular and pith elements, are in a 
Wiangular pattern, ic, they are in conformity with the triangular cross-sectional outline of the isolated plug. x 50, 


A COMPARISON OF FERTILITY IN PANICLES OF 
BROMUS INERMIS LEYSS IN MICHIGAN! 


IRVING W. 


KNOBLOCH 


Michigan State College, East Lansing, Mich., U.S.A. 


The subject of variation is always of 
interest and frequently may be of import- 
ance. Fig. 1 shows the gross variability 
which may exist in bromegrass panicles 
and the purpose of this study is to analyse 
some aspects of this variability, parti- 
cularly those involving the components 
of the panicles and the general range of 
fertility. Other studies on bromegrass 
are reported elsewhere ( Knobloch, 1944, 
1949). The fertility of more important 
species of grasses has been reported upon 
by Beddows ( 1931 ), Nilsson ( 1934) and 
Gregor (1928). 


Materials and Methods 


A random selection of thirty panicles 
was made from plants of the Achenbach 
strain growing in the Farm Crops nursery 
at Michigan State College. Each panicle 
was numbered and the spikelets, florets 
and seeds in each were hand-counted. 
In counting the florets, the apical and 
usually sterile floret was included. 


Observations 


The thirty panicles used in this study 
had a total “of 1,506 Spikelets, 10,772 
florets and 4,147 seeds. The number 
of spikelets per panicle ranged from 16 to 
90 with a mean of 50:2. The florets per 
panicle ranged from 91 to 662 with a mean 
of 359. The seeds ranged from 2 to 333 
per panicle with a mean of 138. The 
seed-setting ranged from 1 to 72 per cent 
with a mean of 39-5 per cent. It can 
thus be seen that there is a tremendous 
variability in the numbers of the various 


components of the panicle. On the basis 
of the material used, the panicle with the 
largest number of spikelets was not the 
most fertile. Evidently, other factors 
must be considered. 

The frequency distribution tables show 
certain aspects of the variability on a 
panicle basis. Table 1 shows the distri- 
bution of spikelets by panicles with the 
range and mean as given above. The 
standard deviation here was 17:22 and the 
mean of the deviation was 3-142. Table 2 
shows the spikelet-floret relationship. The 


Fic. 1 — Two bromegrass panicles near the 
extremes of variation in regard to size and 
numbers of components. 


1. Journal article 1253 from the Michigan Agricultural Experiment Station and paper No. 40 


{rom the Department of Biological Science, Michigan State College. 
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florets ranged from 1 to 14, the mean was 
7:16, the standard deviation was 2-41 and 
the mean of the deviation was 0-062. 
Table 3 demonstrates the spikelet-seed 
relationship. The range of seeds per 
spikelet was 0 to 8, the mean was 2°75, the 
standard deviation was 1-87 and the mean 
of the deviation was 0-048. 

Coefficients of correlation and correla- 
tion tables were prepared to show the rela- 
tionship existing among the spikelets, 
florets and seeds on a panicle basis. As 
indicated in Table 4, these relationships 


TABLE 1—FREQUENCY DISTRIBUTION 
OF SPIKELETS PER PANICLE 
PANICLES SPIKELETS 
16-25 
26-35 
36-45 
46-55 
56-65 
66-75 
76-85 
86-95 


= D BR BR 01] Co 


TABLE 2— FREQUENCY DISTRIBUTION 
OF FLORETS PER SPIKELET 


SPIKELETS FLORETS 

7 1 
35 2 
70 3 
99 oa 
160 5 
203 6 
250 7 
264 8 
187 9 
112 10 
57 1 
33 12 
23 13 
6 14 


TABLE 3—FREQUENCY DISTRIBUTION 
OF SEEDS PER SPIKELET 


SPIKELETS SEEDS 
206 0 
232 i! 
261 2 
LT 3 
270 4 
146 5 

78 6 
34 7 
8 8 
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TABLE 4 
ITEMS COMPARED r 
Number spikelets/panicle and number 0:80 
florets/panicle 
Number spikelets/panicle and number 0:63 
seeds/panicle 
Number florets/panicle and number 0:37 


seeds/panicle 


show significant coefficients of correlation. 
We also computed correlations on the 
following: (1) spikelets/panicle and florets/ 
spikelet; (2) spikelets/panicle and seeds/ 
spikelet; (3) florets/spikelet and seeds/ 
spikelet; (4) spikelets/panicle and florets/ 
spikelet and seeds/spikelet; and (5) spike- 
lets/panicle and florets/spikelet with seeds/ 
spikelet constant. None of these showed 
a significant relationship. i 


Discussion 


It is theoretically possible to obtain a 
seed-set of 100 per cent but this is seldom 
if ever obtained in the allogamous grami- 
neae. Beddows (1931) at the Welsh 
Plant Breeding Station obtained an aver- 
age seed-set for bromegrass of 29-58 per 
cent whereas the present results show a 
value of 39-5 per cent. Keller ( 1944 ) 
noted that wind pollination produced 
2-32 seeds per spikelet. This agrees quite 
well with our figure of 2:75. 

Environmental conditions are known 
to play an important part in pollination 
and in seed-setting. The presence or 
absence of wind and the direction and 
velocity of the wind are of great import- 
ance. Temperature and precipitation also 
play a role. The normal temperature in 
July from 1911 to 1946 at East Lansing 
was 70-9 degrees and during the month 
of the experiment, the temperature was, 
on the average, 70-8 degrees. The normal 
precipitation for July from 1911 to 1946 
was 3:10 inches whereas the average for 
the month of the experiment was 0-25 
inch. The wind velocity normally is 
about 6-9 miles per hour and the direction 
is usually from the southwest. During 
the month of the experiment the velocity 
was 6:5 and the direction was northerly. 
How much effect these environmental 
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factors had on the seed-set is prob- 
lematical. 

The great variability among the panicles 
as to numbers of spikelets, florets and 
seeds was quite striking and points to the 
need for more detailed investigations. 
It should be possible to learn whether 
plants differ among themselves to the 
same extent as do the individual panicles. 
Any information on fertility and variation 
should be valuable to the breeder. 


Summary 


A sampling of thirty bromegrass pani- 
cles from the Achenbach strain grown in 
Michigan revealed the following varia- 
bility pattern : 

1. Correlation between the spikelets 
per panicle and florets per panicle was 
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significant as also was that between the 
spikelets per panicle and seeds per panicle 
and between the florets per panicle and 
seeds per panicle. 

2. Correlations among the same com- 
ponents when the florets and seeds were 
put on a spikelet basis were not signi- 
ficant. 

3. Spikelets per panicle varied from 
16 to 90 with a mean of 50-2; florets 
ranged from 91 to 662 with a mean of 
359; seeds fluctuated from 2 to 333 with 
a mean of 138. 

4. The seed-setting ranged from 1 to 
72 per cent with a mean of 39-5 per cent. 
The number of seeds per spikelet ranged 
from 0 to 8 with a mean of 2:75 and the 
number of florets per spikelet ranged from 
1 to 14 with a mean of 7-16. 
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THE EMBRYO SAC AND EMBRYO OF TRIDAX 
PROCUMBENS L. 


P. MAHESHWARI & S. K. ROY 
Department of Botany, University of Delhi, India 


Tridax procumbens is a common weed 
found in many waste places all over the 
plains of India. The plant flowers during 
the greater part of the year and is easily 
recognized by its herbaceous straggling 
habit, hairy shoots and long pedunculated 


pale yellow heads. Banerji (1940), who 
worked on its embryology, reported that 
the embryo sac development follows the 
Normal or Polygonum type. Another 
species, T. trilobata, has been studied very 
recently by Hjelmgvist (1951). He 
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states that the embryo sac of this plant 
is 8-nucleate but may have a monosporic 
or a bisporic origin. 

In the light of Hjelmqvist’s findings it 
was thought desirable to reinvestigate 
T. procumbens to make sure whether this 
species has a similar variation in its 
embryo sac development. 


Material and Methods 


The material was obtained from plants 
growing as weeds in the University com- 
pound and fixed in formalin-acetic-alcohol 
in October 1951. The involucral bracts 
were removed and the flower heads were 
cut into small pieces to facilitate penetra- 
tion. The material was dehydrated, 
cleared and embedded in the usual way, 
and sections were cut 10-12 u thick. 
Heidenhain’s iron-alum haematoxylin and 
safranin-fast green were used for staining. 


Chromosome Count 


The haploid number of chromsome in 
T. procumbens is 18, as observed from 
dividing microspore mother cells as well 
as from megaspore mother cells in diaki- 
nesis. The same number has been report- 
ed by Raghavan & Venkatasubban (1941). 


Megasporogenesis and Female 
Gametophyte 


The ovule is anatropous, unitegmic and 
tenuinucellate. It is supplied by an in- 
tegumentary vascular bundle (Fig. 15) as 
already reported previously by Venkate- 
swarlu (1941). The hypodermal arche- 
sporial cell functions directly as the mega- 
spore mother cell without cutting off any 
wall cell. Meiosis is normal resulting in 
the formation of a linear tetrad of mega- 
spores (Figs. 1, 2, 3) of which the chalazal 
cell functions. The third cell degenerates 
before the second, and the micropylar 
megaspore degenerates last (Fig. 4). In 
one ovule two tetrads were observed in 
a single row; of these the chalazal is linear 
and shows an enlargement of the second 
and fourth megaspores but the micropylar 
shows a disturbed arrangement (Fig. 5). 
Such double tetrads must have originated 
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by the development of more than one 
archesporial cell. 

The functional megaspore enlarges con- 
siderably. The nucleus is at first situated 
near the middle but just before division 
it moves to the micropylar end ( Fig. 6). 
One of the daughter nuclei remains at the 
micropylar end while the other moves 
down to the chalazal end, where a vacuole 
separates it from the wall ( Fig. 7). There 
is also present the usual large vacuole 
between the micropylar and the chalazal 
nuclei. 

The nucellar cells degenerate so that the 
embryo sac becomes surrounded by the 
integumentary tapetum. 

During the 4 and 8-nucleate stages the 
embryo sac undergoes a considerable 
increase in size ( Figs. 8, 9). The syner- 
gids are pear-shaped and possess promi- 
nent beak-like processes ( Fig. 10) which 
often extend to the micropyle. The egg 
hangs down below the synergids and 
shows a broad and densely protoplasmic 
lower portion with a constriction above. 
The upper portion of the egg is tapering 
and occupied by a central vacuole ( Fig. 
10). The secondary nucleus lies very 
close to the egg. It is larger than the 
egg nucleus and is surrounded by a dense 
ball of cytoplasm (Fig. 10). The anti- 
podal cells are two or three in number, 
both conditions being equally common. 
When there are two antipodal cells, one 
of them is binucleate and the other is 
uninucleate ( Fig. 9), or both are binuc- 
leate (Fig. 12). In the last case the 
nucleus of the uninucleate antipodal cell 
divides to form two nuclei, whereas the 
two nuclei of the binucleate cell remain 
undivided (Fig. 12). When there are 
three antipodal cells, usually each is uni- 
nucleate. In later stages the antipodal 
cells may become multinucleate by further 


1. Banerji (1940) writes: “ The three anti- 
podal cells which are separated from one another 
by cytoplasmic membranes lie at the chalazal 
end of the embryo sac. At first they are uni- 
nucleate, but very soon become binucleate. 
In a few instances only two antipodal cells have 
been noted in the mature embryo sac. Of 
these sometimes the upper one was seen to be 
trinucleate and the lower binucleate, or the 
reverse condition prevailed.’’ Our observations 
are more in accord with those of Hjelmqvist 
(1951 ) on Tridax trilobata. 


a 

FiGs. 1-13 — Fig. 1, meiosis I in megaspore mother cell. x 750. Fig. 2, meiosis II in dyad 
cells. x 750. Fig. 3, linear tetrad; chalazal megaspore is largest. x 750. Fig. 4, tetrad showing 
degeneration of non-functioning megaspores. x 750. Fig. 5, two tetrads in same row. x 750. 
Fig. 6, division of uninucleate embryo sac; nucellus degenerating. x 750. Fig. 7, 2-nucleate 
embryo sac; note degenerating nucellar cells. x 750. Fig. 8, 4-nucleate embryo sac; a slight 
remnant of nucellar epidermis is still visible at the sides. x 750. Fig. 9, 8-nucleate embryo sac 
showing one binucleate and one uninucleate antipodal cell. x 750. Fig. 10, egg apparatus and 
secondary nucleus. x 325. Fig. 11, double fertilization. x 325. Fig. 12, two antipodal cells, 
each showing two nuclei. X 325. Fig. 13, embryo sac after double fertilization. X 325, 
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divisions (Fig. 32). Frequently the nuclei 
fuse to form a single nucleus containing 
many nucleoli ( Fig. 16). 

The antipodal cells are situated in a 
narrow elongated pouch which invades 
the chalazal tissue ( Figs. 15, 16). From 
the large spaces arising in the chalaza it 
is clear that the antipodal cells or at least 
the innermost of them has a pronounced 
haustorial function ( Fig. 15). The anti- 
podals persist for a considerable time, 
even up to the globular stage of the 
embryo (Fig. 16). 


Fertilization 


It has already been reported by 
Raghavan & Venkatasubban ( 1941 ) that 
the pollen grains are 3-nucleate. At the 
time of discharge the male cells are spheri- 
cal. Fusion of the nucleoli of the male 
and female gametes takes place promptly 
(Fig. 11). 


Endosperm 


The primary endosperm nucleus divides 
before the zygote. The spindle is large 
and embedded in a dense mass of cyto- 
plasm ( Fig. 14). Inafew cases, however, 
an embryo of three or more cells was 
present while the primary endosperm 
nucleus was still undivided ( Figs. 19, 30, 
31, 32). Whether it is due to syngamy 
without the accompaniment of triple 
fusion or some other abnormality could 
not be ascertained. Failure of triple 
fusion is, however, indicated by Fig. 19 
where the second male nucleus is still 
lying at the upper end of the embryo 
sac while the proembryo is already 
4-celled. 


2. In Artemisia tridentata ( Diettert, 1938 ) 
the innermost antipodal cell penetrates the 
chalazal tissue and sometimes enters even the 
ovarian chamber. 


The first division of the primary endo- 
sperm nucleus results in the formation 
of two free nuclei which divide again 
(Fig. 17). Wall formation takes place after 
only a couple of free nuclear divisions 
(Figs. 16, 18). The endosperm is thus 
of the free nuclear type, although if only 
later stages are available, it may be mis- 
taken for a cellular type. As the embryo 
develops, the endosperm is progressively 
absorbed with the exception of one or 
two layers at the outside (cf. Diettert, 
1938; Erickson & Benedict, 1947 ).? 


Embryogeny 


After double fertilization both the 
synergids degenerate and the zygote in- 
creases considerably in size (Fig. 13). 
The first division of the zygote is trans- 
verse resulting in the terminal cell ca and 
basal cell cb ( Figs. 17, 18). The basal 
cell divides transversely and the terminal 
cell divides vertically resulting in the for- 
mation of two superposed cells cz and m 
and two juxtaposed cells forming the 
terminal tier at ca ( Fig. 20). Each of 
the four cells now divides again so that 
the terminal tier comprises the quadrant 
cells g, the middle tier comprises the two 
juxtaposed cells at m, and ci divides 
transversely to form the daughter cells 
n and n’ (Fig. 21). The cells of the 
terminal tier divide vertically to form 
the octant stage ( Figs. 22, 23 ), n’ under- 
goes a transverse division to form o and p 
(Fig. 24), and the cells of the tier m 
divide vertically to form four cells lying 
directly above the octants (Fig. 25). 
The middle cells of the tier divide peri- 
clinally to cut off the dermatogen cells 
(Fig. 26). Later the peripheral cells 


3. In Galinsoga ciliata, according to Popham 
(1938), there is no endosperm in the mature 
seed. This is, however, contradicted by the 
earlier work of Harris (1935 ) who clearly says 
that the endosperm persists as a one-celled layer. 


Fics. 14-29 — Fig. 14, first division of primary endosperm nucleus. X 325. 


— 


Fig. 15, L.s. ovule 


showing haustorial action of antipodals; three antipodal cells, each with a fused nucleus. x 75. 


Fig. 16, embryo sac showing cellular endosperm and fused nuclei of antipodals. x 325. 
two-celled embryo and cellular endosperm. x 325. 


of embryo. x 325. 


Fig. 18, 
Figs. 19-29, different stages of development 


Fics. 14-29. 
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of the tiers g, m and n also cut off a derma- 
togen layer which now forms the outer 
boundary of the young globular embryo 
( Figs. 27, 28). Next to the dermatogen 
is the periblem enclosing the innermost 
portion or plerome derived from the tiers 
g,m and n (Fig. 28). By this time the 
cell p has divided transversely to form 
two cells, / and /’. The basal cell of the 
suspensor is quite long and vacuolate 
and protrudes towards the micropyle; 
but the other cell is short and flat ( Fig. 


28). Further divisions are irregular but 
from a comparison of the figures of 


Souegès (1920) on Senecio vulgaris and 
of Jones ( 1927 ) on Lactuca sativa it seems 
likely that / and /’ give rise to the suspen- 
sor consisting of a variable number of 
cells; o gives rise to the root cap and 
dermatogen of the root; n to the remaining 
part of the root tip; m to the hypocoty- 
ledonary region; and g to the cotyledons 
and stem tip (Fig. 28). We do not 
think, however, that the categories given 
by Soueges are infallible, for no clear-cut 
distinction can be made out in later stages 
between the products of division of the 
various cell tiers. Fig. 29 shows a more 
advanced embryo where the lobing of 
the two cotyledons has been initiated. 
The downwardly directed radicle, broad 
hypocotyledonary region, and two promi- 
nent cotyledons enclosing the plumule 
are characteristic of the mature embryo. 


Polyembryony 


One interesting instance of polyem- 
bryony was observed in an ovule in which 
besides the normal globular zygotic em- 
bryo there was present on one side of the 
embryo sac a small additional embryo 
with a short suspensor ( Fig. 30). The 
primary endosperm nucleus was still un- 
divided and the whole embryo sac was 
filled with vacuolated cytoplasm. The 
additional embryo with short suspensor 
may have originated from the endothelium 
although as a rule adventive embryos do 
not have any definite suspensor. 


Pericarp 


The ovary wall is smooth when young 
but at the macrospore tetrad stage little 


processes begin to develop from the epi- 
dermis. In their development scattered 
epidermal cells become richly proto- 
plasmic and papillate. Each cell divides 
anticlinally into two daughter cells which 
elongate and divide transversely to form 
two outer longer cells and two shorter 
basal cells. The former remain coherent 
by their lateral walls (Fig.. 33) and 
elongate considerably to form a trichome 
which becomes greatly thickened at 
maturity (Figs. 34, 35). Of the two 
basal cells one remains short while the 
other acquires the shape and structure of 
an ordinary epidermal cell of the pericarp 
(Fig. 34). 

The young ovary wall is made up of 
many layers of which the inner 5-6 are 
composed of large cells which soon get 
obliterated ( Fig. 33). The most conspi- 
cuous layer is the epidermis followed by 
a hypodermis of large rectangular cells 
whose inner wall becomes thickened. The 
other layers are composed of parenchy- 
matous cells some of which show signs of 
degeneration (Figs. 34, 35). Closely 
adhering to the pericarp is the testa com- 
posed of elongated rectangular cells. 


Discussion 


The chief difference between Tridax 
procumbens and T. trilobata is that in the 
former the embryo sac is of the mono- 
sporic 8-nucleate type while in the latter 
it may frequently show a bisporic mode 
of development. In such cases it is the 
nuclei of the middle two megaspores, 
which become included within a common 
cell. 

Usually the mode of development of 
the embryo sac is fairly stable within a 
genus and frequently a whole family. 
Leaving aside occasional aberrations which 
are of little significance, in the genus 
Euphorbia there are no less than four 
different types of embryo sac develop- 
ment — Polygonum, Allium, Penaea and 
Fritillaria (see Maheshwari & Johri, 
1941). In Scilla, which was so far 
believed to have only embryo sacs of the 
Allium type, exceptions have been found 
in Scilla indica ( Govindappa & Sheriff, 
1951) and S. hyacinthina ( Maheshwari & 
Sulbha, 1953) which follow the Poly- 
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Fics. 30-35 — Fig. 30, polyembryony. x 300. Figs. 31-32, abnormal embryo sacs; showing 


embryo without endosperm. x 217. 
trichome. x 300. 


| Fig. 33, wall of young ovary showing development of 
Fig. 34, ovary wall showing maximum length of trichome; note initiation of 


thickening on inner layer of hypodermis. x 300. Fig. 35, nearly mature pericarp and testa; 
note thickenings of different layers of pericarp. x 300. 


gonum type. In the family Compositae 
a considerable amount of lability occurs 
in the genus Erigeron where all three 
types — monosporic, bisporic and tetra- 
sporic— have been recorded by Harling 
(1951). In Cuscuta, most species have 
a monosporic embryo sac but C. reflexa 
is bisporic-( Johri & Tiagi, 1952). 

It is the unstability in megasporogenesis 
in Tridax trilobata ( Hjelmgvist, 1951) 
and the irregularity in microsporogenesis 
in T. procumbens ( Banerji, 1940; Ragha- 
van & Venkatasubban, 1941 ) itself which 
led us to this investigation to see if a 
similar variation occurs in this plant in 
the mode of origin of the embryo sac. 
The plants at Delhi show a remarkably 
regular behaviour, however, and it is 
possible that this species might be com- 
prising several races which behave dif- 
ferently. The same may perhaps be true 


of T. trilobata. It may be mentioned in 
this connection that in Leontodon hispidus 
Bergman (1935) found that usually the 
embryo sac is of the Polygonum type but 
in one particular plant 50 per cent of the 
ovules showed a dissolution of the separat- 
ing walls between the megaspore nuclei 
and the development of tetrasporic em- 
bryo sacs. 


Summary and Conclusion 


1. The embryo sac of T. procumbens 
is of the monosporic 8-nucleate type. 
No bisporic mode of development was 
found; nor were any aposporic embryo 
sacs seen in our material. 

2. The number of antipodal cells may 
be two or three, later the nucleus or nuclei 
of each antipodal cell may divide to form 
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several nuclei which again fuse to form a 
large nucleus with many nucleoli. 

3. Double fertilization occurs. 

4. The endosperm is free nuclear but 
wall formation takes place at an early 
stage. 
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5. The embryogeny resembles that of 
Lactuca sativa. 

6. A few abnormalities were noted: 
embryo sacs with young embryo and un- 
divided primary endosperm nucleus; and 
embryo sacs with two embryos. 
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REVIEWS 


SCHOUTE, J. C. 1949. “ Biomorpho- 
logy in general.” Pp. 93. North Hol- 
land Publishing Company, Amsterdam. 


DuRING the last years of his life Professor 
Schoute was engaged in a comprehensive 
work on morphology. He had hardly 
finished the first two chapters of this work 
when death overtook him in January 
1942. The manuscript passed into the 
hands of his pupil and successor, Pro- 
fessor R. Van der Wijk, who added a few 
footnotes to Chapter II and got it pub- 
lished in its present form. Each chapter 
is followed by a detailed summary and at 
the end there is a bibliography of over 
fifty titles. 

Chapter I, which alone occupies about 
one-third of the booklet, deals with 
general principles and includes a more 
or less brief discussion of: scope of 
morphology; static and dynamic bio- 
morphology; biomorphology and ideal- 
ism; morphology and morphogenetic fac- 
tors; organs; fundamental plan; bio- 
logical axes; and size factor. 

Professor Schoute extends the use of the 
term morphology to non-biological sciences 
such as mathematics, erystallography and 
geology. For living forms he uses the 
term biomorphology which he describes 
- as involving developmental morphology 
and where possible even a causal analysis 
of morphology. To the reviewer the 
prefix appears to be superfluous, for, 
whenever we refer to living forms, we 
generally speak of ‘ plant morphology ’ 
and ‘animal morphology’. And in that 
context morphology means biomorpho- 
logy. 

Like most recent morphologists, he 
strongly pleads for a ‘“ physiological back- 
ground ” for morphology. He considers 
form to arise in a causal way by the sole 
action of physical and chemical processes 
and discards outright all such descriptions 
as teleological, typological, holistical, etc., 
which according to him involve some 
‘supernatural or immaterial forces ” 
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Of course, no modern morphologist doubts 
that genes exercise a powerful influence 
in moulding the form and behaviour of 
an organism. What appears to be the 
crux of the problem is whether genes 
actually cause form and behaviour in the 
living world or whether they are correlated 
with them and just condition them. 
Professor Schoute, by adopting one view 
to the complete exclusion of the other, is 
not quite helpful to his reader in solving 
this problem. 

Referring to the term organs, which he 
thinks has not yet been satisfactorily 
defined, he says that they are “ those 
parts which are separate units in direct 
transmission and also those which arise 
under the influence of separate gene 
substances, or of a set of such substances ”’. 
This definition, which involves origin 
rather than function, is according to him 
more natural and admits of a better 
understanding of the terms homology and 
analogy. He thus goes on to define 
homologous organs as those of ““ common 
descent or induced by morphogenetic 
factors of common descent”. Under this 
concept the foliage leaves of related 
species will obviously be homologues. 
This is rather odd to many of us and does 
not appear to be consistent with his 
definition of analogous organs where 
function again has been brought in as an 
important factor. 

Professor Schoute’s concept of the 
fundamental plan is also quite different 
He holds that it 
“is a real process ’’ and “‘ no immaterial 
idea ” and that every “ individual has its 
own plan”. In the elaboration of funda- 
mental plan an important role is played 
by what Professor Schoute calls biological 
axes, ‘ being lines in the organism in or 
around which more important parts are 
placed in definite positions”. These axes, 
according to him, control the distribution 
of most further differentiations, and are 
distinguished into five kinds — isopolar 
growth axes, heteropolar growth axes, 
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isopolar differentiation axes, heteropolar 
differentiation axes and segmentation axes. 
The same organism may develop a num- 
ber of biological axes which are generally 
perpendicular to each other. 

In connection with fundamental plan 
attention is also drawn to Professor 
Bower’s assumption of a special size- 
factor. The concept of “ anticipatory 
sensitiveness ’’ involved therein is con- 
sidered to be superfluous and in its place 
it is suggested that “ the plant is able to 
realize different degrees of complexities if 
only the morphogenetic factors for the 
subordinate organs are such that their 
activations always occupy a more or less 
constant, limited area”. 

Chapter II deals with organic symmetry. 
An attempt is made here “ to break a way 
for the replacement of the usual idealistic 
explanation of organic symmetry by a 
causal view”. The main theme of the 
chapter is, therefore, the causal basis of 
organic symmetry. This is discussed in 
some detail and reference is made to some 
previous work also. The topics dealt 
with in this connection include: Definition 
of symmetry; Symmetry in mathematics, 
Inorganic and organic nature; Causa basis 
of organic symmetry; and Classification 
of organic symmetry. 

Professor Schoute adopts the mathe- 
matical definition of symmetry which is 
‘the quality of consisting of two or more 
equal parts which are distributed in such 
a way that the spatial relations between 
the parts are the same for any part”. 
Later on, however, while comparing 
mathematical symmetry with symmetry 
in organic and inorganic world, he recog- 
nizes fundamental differences between 
the former and latter. 

Referring to the earlier biologists Pro- 
fessor Schoute remarks that they were 
“ mostly satisfied by assuming a tendency 
to symmetry in all living beings ”, but 
the real cause of this tendency has never 
been carefully looked into, nor has any 
serious attempt been ever made to discuss 
the causal basis of organic symmetry. 
He holds that symmetry is neither the 
outcome of the sub-microscopical struc- 
ture of the protoplasm nor of the activity 
of special symmetry genes as believed in 
certain quarters, Rather it is the result 
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of growth and differentiation. ‘‘ Growth 
alone”, he asserts emphatically, “ can 
never be the cause of symmetry, differen- 
tiation of growth is necessary ”. 

In concluding this rather dry and some- 
what unintelligible account the author 
remarks that there are three groups of 
causes which are responsible for symme- 
try: “ (1) Surface tension, (2) the occur- 
rence of biological axes—and (3) the 
biological advantages attained by an 
approach to symmetry, and which have 
been fixed by natural selection ”. 

While offering his new system of 
classifying symmetry, he recognizes twelve 
types in the organic world, e.g. spheroidal, 
discoidal, trabal, pontal, bifrontal, etc., 
and suggests abandonment of such com- 
mon terms as bilateral, actinomorphous, 
zygomorphous, etc. He believes that 
this classification is based upon essential 
biological features such as fundamental 
plan and the biological axes, and warns us 
at the same time that “ none of his new 
terms is to be taken literally ”’. 

While we are thankful to Schoute for 
focussing attention on symmetry and 
other related phenomena which are gene- 
rally neglected in current morphological 
treatments, the final result is rather 
disappointing. We are far from being 
convinced that the biological axes are 
actually the cause of organic symmetry. 
Besides, the whole account is more or less 
in the form of personal notes with scanty 
reference to literature. It is by no means 
easy reading. Little attempt appears 
to have been made to bring the account 
up to date after the death of the author 
and there are several printing mistakes 
which indicate lack of proper care in proof- 
reading. 

In conclusion we do appreciate the 
causal approach of Professor Schoute, 
but must express a note of caution against 
confusing condition with cause. ‘ The air 
I breathe is the condition of my life not 
its cause ”, is perhaps worth remember- 
ing. It seems more logical to concur 
with the famous philosopher Kant when 
he writes ‘mechanism without teleology 
is blind while teleology without mecha- 
nism is empty ’. 


V. Puri 
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CATCHESIDE, D. G. 1951. “ The Gene- gene loci are represented only once and 
tics of Microorganisms,” Sir Issac single mutational changes can, therefore, 
Pitman & Sons, London. Pp. 223. be directly expressed by the same cell. 


DAS 


THERE was a time when peas, mice and 
guinea pigs were the usual objects for 
genetical studies; then came the fruit fly; 
and since the last ten years even this has 
been outdated. We now learn that the 
best organisms for such experiments are 
the still more lowly moulds, yeasts and 
bacteria. The reasons for this preference 
are: (a) their rapid life-cycle, (b) the 
possibility of studying them in the haploid 
as well as the diploid phase, (c) ease in 
making pure cultures, (d) the fact that it is 
feasible to make detailed tetrad analyses 
of the products of meiosis, and (e) that 
here it is also practicable, on an ever- 
increasing scale, to make a study of not 
only morphological but even biochemical 
characters. 

The first chapter is introductory. The 
second, third and fourth chapters deal 
with genetical analysis, mutation, gene 
action and adaptation in Neurospora and 
a few other fungi. “It is suspected ”, 
the author says, “that the induced 
mutations are almost always destructions 
of part or the whole of a given gene, and 
that the induction of progressive changes 
is hardly to be expected, at least with 
X-rays.” Regarding the character of 
induced mutations, he concludes ( p. 84): 
“In all studies of induced mutations 
so far considered, the agent has been 
quite non-specific as regards the type of 
mutation produced. All known physical 
and chemical agents appear to be quite 
unselective as regards the genes caused 
to mutate and as regards the type of muta- 
tion that is produced by a given gene. 
The gene affected appears in a given 
case to be completely a chance one.” 

Chapter V deals with the diversity of 
sexual reproductive systems in algae and 
fungi. Chapters VI, VII and VIII are con- 
cerned with the genetics of yeast, protozoa 
and bacteria. The author gives a full 
discussion of cytoplasmic inheritance in 
yeast, the kappa particles of Paramaecium 
and of induced mutations in bacteria. 
Regarding the status of the bacterial 
nucleus, it is believed to be haploid, Many 


In the chapter on viruses it is stated 
that there is here, as among the bacteria, 
evidence of a sexual process which allows 
genetic recombination in mixed infections. 
The view that viruses are composed of a 
single gene without any envelope of cyto- 
plasm is rejected and it is concluded that 
they are “ genetically rather complex, com- 
posed of several genes and moreover hav- 
ing a sexual reproductive mechanism ”. 

The book is a critical, well-written 
summary of the genetics of micro-organ- 
isms — a subject in which Dr. Catcheside 
has himself made many important contri- 
butions. The only criticism that the 
reviewer has to offer is that author’s style 
is difficult and terse and only those who 
already know a good deal about the 
subject can profit from the book. It may 
be, however, that he has written only for 
a restricted group of people. 

P. MAHESHWARI 
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WARBERG, EE. J. 951. “-Hlora 
of the British Isles.”” Cambridge 
University Press, London. Pp. 1591. 


50s. 


NEARLY seventy years have passed since 
the publication of Hooker’s “ Student’s 
Flora of the British Isles’ and a revision 
of this work was essential if for no other 
reason than on account of the host of 
changes in botanical nomenclature made 
during this period. 

The authors have done an admirable 
task in incorporating names of additional 
plants inclusive of hybrids, in giving 
revised descriptions based on direct ob- 
servation of fresh or herbarium material, 
and in providing convenient synopses of 
classification of the larger families and 
workable keys to the genera and species. 
The uniform use of small letters for the 
specific names is a practice which the 
reviewer considers to be highly commend- 
able. There are several line diagrams 
which, although not of a high standard, 
are yet of value in aiding identifications. 
Chromosome numbers have been included 
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wherever known and there is adequate 
information about time of flowering, 
habit, habitat and distribution of each 
species. 

Introduced and cultivated plants al- 
ways present a difficulty to writers of 
floras for it is difficult to decide what to 
include and what to exclude. Under 
gymnosperms the authors mention a whole 
lot of species which do not occur in Britain 
except in parks and gardens. However, 
it is probably better to keep them there 
than to remove them, for the book will 
be used by professional botanists as well 
as amateurs and nature-lovers who like 
to have all the information in one volume 
if possible. There should, however, be 
no inconsistency in this. Under Cruci- 
” ferae there are as many as 90 introduced 
species, while only 26 are mentioned 
under Papilionaceae although the actual 
number must be considerably higher. 

The book is nicely got up and is sure 
to have a very large demand. The price 
seems, however, to be rather high for most 
pockets. 

P. MAHESHWARI 


SMITH, G. M. (Editor ) 1951. ‘“ Manual 
of Phycology.” Pp. 375. Chronica 
Botanica Company. Waltham, Mass. 
$7.50. 


In a good many of our institutions the 
teaching of algae comprises for the most 
part a drab and dull account of the 
various families and genera, and a study 
of their distinguishing characters and life- 
histories. It is, therefore, refreshing to 
have a book written from a new and 
different standpoint. Prof. G. M. Smith 
is not the author of the entire work 
but he has ably edited the various 
chapters each written by a specialist. 
Two of the chapters are written by his 
own self. 

The book opens with an account of the 
History of Phycology by Professor G. W. 
Prescott of the Michigan State College. 
Brevity is the chief merit of this chapter 
which comprises mainly an enumeration 
of what this man or that man did without 
any pictures or a few sentences on the 
lives of some of the actors to enliven the 
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text. One also misses a discussion, how- 
ever brief, of the future of Phycology. 

The second chapter deals with classi- 
fication. Here Professor Smith justifies 
his view that the designation thallo- 
phytes is “ artificial and unnatural ”’, and 
that “certain classes of the algae are so 
distinct from all others that each should 
be placed in a separate division ”. Thus 
Chlorophyceae becomes Chlorophyta, 
Phaeophyceae is changed into Phaeo- 
phyta, Cyanophyceae into Cyanophyta, 
and so on. 

Chapter 3 on Chlorophyta is written 
by an Indian algologist, M. O. P. Iyengar; 
chapter 4 on Euglenophyta by T. L. Jahn 
( Zoologist at the University of Cali- 
fornia ); chapter 5 on Chrysophyta by 
F. E. Fritsch ( University of London ); 
chapter 6 on Pyrrhophyta by H. W. 
Graham of the United, States Fish and 
Wildlife Service, Florida; chapter 7 on 
Phaeophyta by G. F. Papenfuss ( Univer- 
sity of California ); chapter 8 on Cyano- 
phyta by Francis Drouet ( Natural History 
Museum, Chicago); and chapter 9 on 
Rhodophyta by K. M. Drew ( University 
of Manchester). The authors vary in 
their outlook and emphasis but all give 
satisfactory accounts of the groups en- 
trusted to them. Chapter 10 is written 
by J. H. Johnson of the Colorado School 
of Mines and is especially valuable since 
there is no connected account of fossil 
algae easily available in the English 
language. In chapter 11 H. C. Bold 
( Vanderbilt University) gives a very 
useful survey of the Cytology of Algae. 

While the above chapters are all use- 
ful, the chief value of the book lies in the 
succeeding portions which emphasize the 
more recent trends of phycological re- 
search. 

Chapter 12 on Sexuality of Algae, 
written by G. M. Smith, deals with such 
topics as the role of environmental factors 
in sexual reproduction and sex differen- 
tiation, and the nature of sexual subs- 
tances. In the next chapter H. H. Strain 
(Carnegie Institution of Washington ) 
describes the principal kinds of algal 
pigments and their properties. There is 
also a paragraph on colourless algae which 
exist for the most part as saprophytes. 
It is remarked that “ Systematic investi- 
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gations of these organisms under condi- 
tions favourable for growth and mutation 
might throw fresh light on the factors 
controlling the development of pigments 
and chloroplasts.’’ 

Chapter 14 by L. R. Blinks ( Hopkins 
Marine Station, Stanford University ) 
gives a discussion of all aspects of the 
physiology and biochemistry of algae and 
suggestions for further research in this 
field. Not only are there special aspects 
of algal physiology which require study, 
but certain forms like Chlorella have con- 
tributed much to our general knowledge 
of photosynthesis, and the coenocytic 
ones like Valonia and Halicystis to our 
understanding of permeability. 

Chapter 15 gives a very fascinating 
account of the Ecology of Freshwater 
Algae written by L. H. Tiffany of the 
Northwestern University, and Chapter 
16 on Ecology of Marine Algae is a trans- 
lation: by M. S. Doty of the French 
original by Jean Feldman of Paris. The 
author stresses the paucity of our know- 
ledge of this field and points out the need 
for a study of the biology of each of the 
species throughout the year in order to 
determine their mode of development, 
the rhythm of their growth, and their 
periods of reproduction. This has to be 
followed by a study of the effect of the 
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different ecological factors such as tem- 
perature, salinity and dessication, with 
the help of laboratory experiments as 
well as field studies. 

Chapter 17 on the Biology of the Plank- 
tonic Algae by B. H. Ketchum of the 
Woods Hole Oceanographic Institution 
is of far-reaching significance, for it is 
these on which the fish and other animals 
of the sea depend for their existence. 
It.is important to have a clear under- 
standing of the factors which govern the 
growth and photosynthesis of the phyto- 
plankton under natural conditions. It is 
hoped that it might be possible to in- 
crease the efficiency of the phytoplankton 
although the author wisely refrains from 
making any exaggerated statements. 

In the concluding part of the book 
there are two appendices, one on the 
Methods of Cultivation of Algae by E. G. 
Pringhsheim of the University of Cam- 
bridge and another on Algal Microtech- 
nique by D. A. Johnson of the California 
Botanical Materials Company. 

All told the authors, editor, and 
publisher have done a splendid job in 
producing this book and it is hoped that 
it will be used increasingly by teachers 
as well as students. 


P. MAHESHWARI 
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